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\ veling & Porter, L ‘4 


ROCHESTER. 


Steam 


Road Rollers & ‘Tractors. 


1866 


¥. ARRO W & OsLasoow, LTD., 


PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 


les Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
FKED WATER HEATERS, 
CALORK Lith EVAPORATORS, 
CONDENSERS, AIR HEATERS 
STEAM a GAS KETTLES, 
Merrill’s ees TWIN STRAINERS 
r Pump Suctions 
SYPHONIA STEAM TRAPS, REDUCING VALVES 
High-class GUNMETAL STEAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 


Row's 
PATENTS. 


& CO. (1922), LTD., 
Y ARROW * “ciascow. 


LAND AND MARINE 


YARROW BOILERS. 
1553 





\ (. Memeera, Li 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY aND WaB OFFICE Lists. 
INGINES for Torpedo Boats, Yachts, Launches. 

BOILER FEED PUMPS. 
See Advertisement page 37. 
ATENT WATER-TUBE BOILERS. 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied to the 
Admiralty. 217 
J. 


M.I.Mech. E., 
je ©6Gas 


Engines Inspected. Tested and 
ported upon. Over 25 years’ experience. Tel. : 
aryland 17:36 & 1737. Wire: a datas 
Great Eastern Road, Stratford, B. 15. 1794 


Davip Brown & Sons diuaa, Ltd. 
ockwood Huddersfield, 





Davis, 





HIGH CLASS 


Ve (jeting 


FOR EVERY PURPOSE. 1440 


achine 





‘ue Guascow ROLLING Stock AND PLANT WoRKS. 


urst, Nelson & Co., Ltd., 


BuildersofRAILWAYCARRIAGES, WAGONS 
ELECTRIC CARS, and RVERY OTHER DESCRIPTION 
fF RAILWAY and TRAMWAY ROLLING STOCK. 
Makers of WHEELS and AXLES, RAILWAY PLANT, 
ongines, SmitH Work, Iron & Brass CaSTINGs. 

PRESSED STEEL WORK OF ALL KINDS. Od 3382 
Reg. Office and Chief Works: Motherwell. London 
Office: 32, Great St. Helen's, Bishopsgate, H.C. 3. 


Yank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R.& W. HAWTHORN, LESLIE & CO. Lrp., 
____ ENGINEERS, NEWOASTLE-ON-TYNE, 1864 


pencer- Hopwood & Kitke 


Wy PATENT 

BUILERS, See page 73, April 4. 
Sole Makers: SPENCER BONECOURT, Lrp., 
Parliament Mansions, Victoria St., t.. London, S S.W. 


he Glasgow Railway 


Engineering Company, 
GOVAN, GLASGOW. Ltp., 
London Ofice—12, Victoria aga Rive. 
MANUFACTURERS 0 
RAILWAY CARRIAGK, WAGON. & TRAMWAY 
WHEELS & AXLES. 
CARRIAGK & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES, 1948 


J acks 


(SCREW and HYDRAULIC). 
FELLOWS BROS, Lrp., 
CRADLEY _HEatTH, STarFs. 


Qteam Hammers (with or 
50 without vuides), Hand-worked or self-acting 
LS for SHi P BUILDERS & BOILERMAKERS. 


1914 
DAVIS & PRIMROSE, Limtrep, Lerru, EDINBURGH, 


Bever, Dorling & Co., Ltd., 
BRADFORD. 
ECHCLASS ENGINES FOR ALL PURPOSES, 
INDING, HAULING, AIR COMPRESSING 
aud PUMPING ENGINES. 


FOLD ot INVENTIONS iS a ene 


uekham’ s Patent Suspended 
. 1ING MACHINRS—HAST FERRY 
ocd ) ENGIN KERING WORKS COMPANY, Lrp. 

oN, H.—Hydraulic Cranes, Grain Elevators, &c. 

See tilus. Advt. last week, page 15. 1715 








9158 











(Sampbells & Her, L 


SPHOIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





7) Vosper & Co, Lr. 


IRON & STEEL 


Tubes AND | Hittings 


Steel Ea 
Srewarrs AND Liovps, Lea 


GLASGOW BIRMINGHAM - LONDON. 
See Advertisement, page 27. 1872 








PoRTSMOUTH. 
SHIP & LAUNCH BUILDERS, Od 3551 
ENGINEERS & BOILER MAKE RS. 
ke Your Repairs or any 
ae pitty try 

HOMAS HUNT & SONS, 
Albion Ironworks, 
Bridge Road West, Battersea, S.W. 11. 
Est. 1854. 
[the M itchell (Sonveyor i 
TRANSPORTER CO., LTD., 
CoNTRACTING ENGINEERS, 


DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, E.C. 1. 


Telegrams: ‘‘ Micontraco, Cent, London.” 
Telephone: Holborn 2822. 


Dredging Pplant— 


1713 

















For ALLUVIAL GOLD, PLATINUM & TIN, 
SCREENS.—DREDGE BUCKETS & Parts, all sizes. 
54, New Broad Street, London, E.C.2, 

_ Telephone: London Wall 3418. 
RAILWAY AND TRAMWAY ROLLING STOCK. 
H st, NJ elson & Co I td., 

aL 
MOTHERWELL. Od 383 
P & W. MacLellan, Ltd., 
s 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
RAILWAY IRONWORK, BRIDGES,ROOFING, &c. 
Chief Offices; 129, Trongate, Glasgow. Od 8547 
Westminster, S.W 1 
Patent . 
oon Ash Ejector 
Great saving of labour. No noise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
tects and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, B.C. Od 4835 
enningtons, - University 
Estab. 1876. Enrol now for 1.C.E. and 1.M.K. Postal 
Courses, 100 per cent. passes last Hxams. Reinforced 
expert engineer, 23 3s, Write for particulars. 1711 
Iron and Steel 





RANES. All Types. 


GBORGE RUSSELL & CO. LTD, 
Motherwell, 186' 





Telegranis = Cyliuders,” Birmingham, 


7 eldiess-Steel ubes 


for Water-tube Betiere, Baperbeaters, 


By yc: aulic Work, 
BES LIMITED, CIRM GHAM. “‘osi79 





HARBOUR, RIVER & CANAL.—Gravel Dredgers, 
ARTHUR R. BROWN, 
re? 1814 
THE GLasGow RoLLING STock AND PLANT Works, 
CLUTHA WORKS, GLASGOW. 
OF EVERY DESCRIPTION. 
Registered Offices: Clutha House, mm Princes §t., 
Gee 8 Aydro-Pneumatic 
F. J. TREWENT & PROCTOR, Lrp., Naval Archi- 
P TUTORS, 254, Oxford Road, Manchester. 
Concrete—a new comprehensive course under 
[lubes and fittings. 


7 - Licensees in Great Britain for the manufacture 
Resisting Iron 


of “Armco” Rust ag BN Corrosion 


817 
The Scottish Tube Co., Ltd., 


Head OFFICE: 34, Robertson Street, Glasgow. 
See Advertisement page 61. 





Pyectric Generating Plant for 


SALE. 


Direct Current. 
Two 26 Kw. 105 Volts. ‘‘ Howden-B.E.E. 
Two 52,5, » »  “ Brotherhood - Laurence 
Scott.” 
Gerrett Semi-Portable. 
** Belliss-Siemens.” 
“* Howden- Lane, Dynamo.” 
‘““W. H. ALLEN.” 
** Belliss- Siemens.” 
* Belliss - Phoenix Dynamo.” 
“ Allen-Westinghouse.” 
“* Howden-Siemens.” 
“ Tlowden-B.T.H.” 
‘* Belliss-B.T.H.” 
Metropolitan Vickers Turbo. 
** Belliss-Mather & Platt. Md 
‘* Parsons - Crompton” 

Geared Turbo. 

One 1250,, 250 ,, ‘ Belliss” Turbo. 
Alternatiny Curren’ , 3-Phase, 50 Periods. 

One 400K w.500/550V olts.‘* How den-G.B.0.” 

One 750 ,, 5, 5,  ‘* Metropolitan Vickers,” 

One 850 ,,_ ;, » ‘Fraser &'Chalmers.” 

Two1000,, ,, epee page ickers.” 

One 1000 ,, 3800 ‘“ B.T.H.” 

Two 1000 ,, . ‘* Metropolitan-Vickers.” 

One 2000 , - ” ” 

One 3000 ,, 66 s§ B.T. 11.” 

All above are modern, and condensing plant is 
available in nearly all cases, 

We can also offer several Suction Gas and Diesel 
Sets, Babcock Boilers up to 30,000 Ibs. per hour, and 
avery large number of motors, generators, Motor- 
generators, rotary converters, etc. 

Enquiries Invited 
THE PH@NIX ELECTRICAL COMPANY, Lrp., 
17, OSWALD STREKT, GLASGOW, 822 


ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


London Office: 101, LEADENHALL Sr., E.C.3. 
Works: wearer near Hartow, Essex. 
EBvaporating and Distilling Plante, 
Kefrigerating and Ice-making Machinery. 
Feed Water Heaters. 
Evaporators, 
Fresh Water Distillers, 
Main Feed Pumps 
Combined Circulating and Air Pumps. 
Auxiliary Surface Condensers, 

&c., &c. 


For Sale, Motor-Driven Air 


COMPRESSOR, by Belliss & Morcom. 1000 
cubic ft. per min. 100 Ibs. pressure, with 500 volt 
D.C. motor.—THE PHGENIX ELECTRICAL CO., 
Lrp., 17, Oswald Street, Glasgow. D 221 


Reset 


(j uillotine G hears 


Power Presses 


FOR SHEET AND PLATE WORKING, 


Two 100 ,, 440/500 ,, 
One 120,, 110 ,, 
One 150,, 22 $3 
Two 200 ,, 

Two 200 ,, 

One 240 ,, 

One 37f 

One 400 ,, 

One 500 ,, 

One 500 ,, 

One 500 ,, 

One 600 ,, 

One ‘150 ,, 





J 


1586 








and 


LTD., 
2015 





MACHINE TOOL CO., 
53 ENGINE, latest design ; magneto ignition, 





THE REGENT SHEET METAL 
Re@xnt Wonks, WAKEFIELD. 
HP. Crossley Suction Gas 
va RY H ARDAM & UO, LisireD,, 


_j ohn ellamy Limited, 
MILLWALL, LONDON, 8. 
GENERAL CONSTRUCTIONAL ENGINEERS. 1216 


Boilers, Tanks & Mooring Buoys 
Striis, Perrot Tanks, AIR RECEIVERS, STEEL 
CurmNrys, RiveTttep Steam and VENTILATING 


Pipes, Hoppers, one eee REPaIRs UF 


He4. Wrightson & (i: 


LIMITED. 


See Advertisement page 34, April 4. 2402 


Matthew pat & (Co: L* 


LEVENFORD WoRKs, Dumbarton. 1483 
See Full Page Advt., page 61, March 28 


I aylor & (Sballen 


resses 


For Production of SHEKT METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER. 
Foundry, Works, and Showrooms: BIRMINGHAM, 

e advert., page 59, March 28, 8195 


(Yement. .—Maxted & Knott, 


Lrp., Consulting Cement Engineers. ADV ISB 
GENBRALLY on pecgeers Cement Schemes FOR 
ENGLAND AND ABROAD. ADVICE ONLY. 
Highest References. Established 1890. 

Address, BURNETT AVENUE, HULL. 


Cablegrams : ‘ Energy, Hull.” 
ailway 
GWwitches and 


rossings 


T, SUMMERSON & SONS, LIMITED, 
DARLINGTON, 











1828 








and ‘on, 
MITED, 


lenty 
STATIONARY, stkaM AND MARINE 
E NEERS. 
_1881 


‘ewsome, EN@L AND. 


Wicecean ras 
Lirts 


1415 


64 & 55, Fetter Lanz, LONDON, K.C,4, 
62 & 63, LioneL Street, BIRMINGHAM, 
and Principal Provincial Cities and Abroad. 


[Diesel Engines, 300, 530, 800 


and 1,200 B.HP., M.A.N., with or without 
About one-third 


dynamos ; condition as new. 
All spares for above 


market price; seen London. 


sizes in stock. 
HICK DIKSEL OIL ENGINES, Ft 
70, Queen Victoria Street, H.C. 4 


Hau 
Paying Load— 
ot 
Deaa Weight. 


educe 


Weight with 
ff am, 


Ltd 


2043 





Data from 
British Aluminium Co., 


, 109, Queen Victoria St., London, 2017 
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[he Manchester Steam Users’ 


ASSOCIATION. 
vention of Steam Boiler Explosions and 
in the Application 
of Steam. 9, Mount STREET, Ma 


For the 
for the attainment of Econom 


NCHESTER. 
Obief Engineer; C. HE, STROMEYER, M.I1.C.E. 
Founded 1854 by Sir WILLIAM FaIRBAIRN. 
‘Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
end Boilers inspected during construction. 2005 





niversity of Liverpool. 
SESSION 1924-1925. 
FACULTY OF ENGINEERING. 


DEAN: Professor T. B. ABELL, 0.B.E., M.Eng., 
R.O.N.C., Ret., M.Inst.N.A. 

Prospectus and full particulars of the following 
ma be obtained on application. to the 
REGISTRAR :—Engineering, Thermodynamics of 
Heat Engines, Strength of Materials, Klectrical 
Engineering, Civil Engineering, Naval Architecture, 
Marine Engineering, Metallurgy, Geology, Design 
and Drawing, Refrigeration, Mathematics, Physics, 
Chemistry. . D4i5 


(Correspondence Courses for 
Inst.Civil Bngrs,, Inst. Mech.E.,London Univ 
(Matric., inter., B.Sc.), and All ENGINEERING 
EXAMINATIONS personally conductcd by Mr, 
TREVOR W. PHILLIPS, B Sc. (Honours), Assoc, 
M.Inst C.H., M.R.S.1., F.R.S.A., ete. Also Day 
Tuition in Office. Excellent results at all Exams. 
Courses may commence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to gy TRAFFORD CHAMBERS, 58, 








Sourn Joun Street, LIVERPOOL, ) 
Hzgineering Salesmanship 
and SALES MANAGEMENT.—Write for 


brochure describing our special Course of Training 
for posts of unlimited scope in this lucrative field,— 
DIRECT'/R, Institute of Engineering Salesman- 
ship, 333, Oxford Road, Manchester. 2108 








TENDEBS. 





SIAM STATE RAILWAYS, 


NOTICE, 


Sealed Tenders for the Supply 


of STEEL RAILS and FISH PLATEs will be 
received at the Offices of the Siam State Railways, 
Bangkok, until 14 0'clock on Ist July, 1924, at which 
place and hour the Tenders will be publicly opened 
and read. 

Tender forms, etc., may be obtained from Messrs, 
C, P. sANDBERG, 40, Grosvenor Gardens, London, 
§.W.1, upon payment of £1 10s,, per set, which sum 
will not be refunded, 

Right is reserved to reject. any or all Tenders and 
to accept any Tender, which, in the opinion of the 
Board of Railway Commissioners, is to the best 
interests of the Siam State Railways. 
Bangkok, March I+t, 1924, 





METROPOLITAN WATER BOARD. 
SUPPLY OF POSITIVE TYPR WATER 
METEKKS, 


The Metropolitan Water Board invite 


\ 

[lenders for the Supply of 

60-lin. POSITIVE TYPE WATER METERS, 

delivered to the Board’s Works at Rosoman Street, 
Clerkenwell, B.C.1. 

Forms of Tender may be obtained from the Chi-f 
Engineer by personal application (Room 155) or 
upon forwarding a stamped addressed brief 
envelope. 

Tenders must be made onthe official form, enclosed 
in sealed envelopes and addressed to the ‘* Clerk of 
the Board, Metropolitan Water Board, New River 
Head, Rosebery Avenue, B.C.1,” endorsed ** Tender 
for Water Meters,” and delivered at the offices of 
the Board not later than Eleven a.m. on Wednesday, 
16th April, 1924. 

The Board do not bind themselves to accept 
the lowest.or any Tender. 

G. F. STRINGER, 


Clerk of the Board, 
Offices of the Board, 
New River Head, 
173, ot Avenue, 
11 


th April, 19. D453 
THE MUNICIPALITY CF SINGAPORE. 
TENDER FOR STEBL PIPHS, VALVES, &c. 


ealed Tenders, Addressed to 


Messrs. C. C. LINDSAY & PEIRCH, 180, Hope 
Street, Glasgow (Agents to the Municipality of 
Singapore), endorsed ‘* Singapore Municipality. 
Tender for Steel Pipes, Valves, etc.” will be received 
until Five p.m. on Wednesday the 23rd April, 1924, 


accept the lowest or any Tender. 


BOROUGH OF BRACKLEY, 


The Corporation of Brackley invite 


'['enders for the Construction, 


ERECTION and MAINTENANCE of a 
CRUDE OIL ENGINE and WKLL PUMP to lift 
8000 gallons of water per hour, with all necessary 
adjuncts, at the Waterworks Pumping Station at 
Brackley. 

Preliminary Plans may be seen and copies of 
Specification obtained on payment of a deposit. of 
£5 (which will be returned on receipt of a bona fide 
Tender) at the Office of the undersigned at 
Brackley, or at the Offices of the Corporation's 
Engineer, Mr. E. J. Srucock, M,Inst.C.E,, 25, 
Victoria Street, Westminster,,S.W.1, and 10, Park 
Row, Leeds, Prints of the Preliminary Plans can 
be obtained from the Engineer on payment of a 
charge of One Guinea, which will not be returned. 

Sealed Tenders, endorsed*t Tender for Pumping 
Plant” must be delive ed to the undersigned at the 
Clerk’s Office not later than the first post on 
Monday, the 5i@ day of May, 1924. 

The Council do not bind themselves to accept the 


lowest or any Tender. 
C. E. BARNES, 
Town Clerk. 


Brackley, ae 
465 


eh April, 104. 
MINIS£RY OF TRANSPORT. 
CONSTRUCTION OF BARKING BRIDGE. 





The Ministeris prepared to receive 


abe Tenssr: for the Construc- 


tion of the BRIDGE over Barking 
Creek on the line of the East Ham and 
Barking By-pass. 
Specification, Bills of Quantities, Forms and 
Conditions of Tender and Contract may be obtained 
from the Chief Kngineer, Roads Department, 
Mivistry of Transport, 7, Whitehall Gardens, S.W.1, 
upon payment of a deposit of One Hundred Pounds, 
Thisamount will be returne ! to the Tenderer, it his 
Tender is a bona fide onv, and has ot been withdrawn 
prior to the definite acceptance of a Tender by the 
Minister. 
The Drawings may be inspected at the Ministry 
and copies of the Forms and Conditions of Tender 
and Contract, Specification and Bill of Quantities, 
will be available on and after Wed:.esday, the 16th 
April, 1924, 
Tenders on the official form and accompanied by 
a fully priced Bill of Quantities must be submitted 
and enclosed ina sealed envelope e:idorsed ‘* Tender 
for Barking Bridge.” 
The Minister does not bind himself toaccept the 
lowest or any Tender. 
Tenders must reach the undersigned by Ten a.m. 
on the 8th day of May, 1923. 
Dated this second day of April, 1924. 

(Sd.) H. H, PIGGOTT, 
Assistant Secretary. 

Ministry of Transport. D 


ABERDEEN CORPORATION WATER WORKS. 
EXTENSIONS 1920, 
Contract No. 18—PIPING. 








The Town Council of Aberdeen are prepared to 


receive 
1 

[lenders from Competent 

Persons willing to enter into a Contract for 
the MANUFACTOUKE and DELIVERY of about 
5503 lineal yards of 30in., 24in., 16in. and 13in, 
diameter PIPES and SPECIALS, of the following 
alternative types, viz. :— 

(aA) Cast lron. 
(B) Mild Steel (Lapwelded). 

The Drawings may be inspected and Specifi- 
cation, Schedule of Quantities, and Form of Tender 
obtained, on andafter llth April, 1924, on application 
at the Water Engineer’s Office, 413, Union Street, 
Aberdeen. Early application is desirable and no 
specification will be given out after 21st April, 
For each Specification a deposit of Five Pounds 
Sterling will be required, which sum will, after a 
Tender bas been accepted, be returned to the 
Tenderer provided that he shall have sent in a bona 
fide Tender, based on the drawings, specification 
and schedule of quantities provided, with the 
schedule of quantities fully priced out in detail, 
and sball not have withdrawn the same. 
The employment of labour shall be in accordance 
with the conditions of the Unemployment Grants 
Committee. 
Tenders on the Forms prescribed and enclosed in 
securely sealed envelopes, endorsed “ Tender for 
PIPING” are to be addressed to the undersigned. 
No Tender delivered after Noon on 28th April, 1924, 
will be considered. 
The Town Council do not bind themselves to 


GEORGE MITCHELL, M.Inst,C.E., F.G.S., 
Water Engineer. 
Water Engineer's Office, 
41}, Union Street, Aberdeen. 


ith April, 1y24. D475 








APPOINTMENTS OPEN. 








for the SUPPLY and DELIVERY at Singapore of 
about 44 MILES OF WKLDED STEEL PIPE, 
33 inches internal diameter ; abcut 43 miles of 
WELDED STERL PIPB, 36 inches internal 
diameter ; about four miles of WELDED STEEL 
PIPE, 39 inches internal diameter, together with 
certain Cast Iron Pipes, Valves and Specials, 
Though Lap Welded Steel Pipes are specitied, 


enced in Vertical Steam Boilers, Air Receivers, ete.— 
Address, giving age, experience and salary required, 
D 419, Offices of ENGINEFRING ~ 


Wanted, Manager for Riveted 


Boiler Works. Must be young and experi- 





W: 


nted, Well-educated 





Tenderers are at liberty to offer other makes of 
Steel Pipes, but rivetted pipes will not be ac epted, 
and whatever make of pipe may be offered must be 
of British m terial and manufacture. 

Forms of Tenderand Specification may be obtained 
from Sir ALEX, Binnie, Sox & Deacon, 30, Bucking- 
ham Gate, Westminster, S.W.}, or from the Agents 
to the Municipality on receipt by either of them of 


assist Works Manager of Motor Car Works, with 
outside contract work. 
j Engineer, technically trained and have had experi- 
ence in the following branches—Machine Shop, 
ne. 

design, for 
facts, respecting quotations,ete , before his principal. 
Splendid trainmg for ambitious and live man. 


Young MAN of good address, 25-30, to 
Must be fully qualified 


estimating or rate-tixing, Jig and Tool 
quantity production ; able to put concrete 





60 | and experience in a workshop and in training men 


also had running experience, 


Government of India rules (approximately Rs. 50 


embarkation for India. 


details of general and technical education, traiuin 
and subsequent career (in chronological order), wit 
dates, aczompanied by copies only of testimonials, 
Army Certificates, &c., should be addréssed to 
Messrs. RENDEL, PALMER & TRITTON, 12-14. 


Rate Fixer and Demonstrator 


Mid'ands Firm of Steel Forging Manufacturers 
specialising in Crankshafts, Hesential qualifications 
include expert knowledge of machining times and 
ability ae a practical demonstrator from ectual 
experience of above class of work.—Address, D 430, 


Offices of ENGINEERING. 
A Well-known Firm of 
Reinforced Concrete Specialist Designers 
REQUIRE the SERVICES of TWO HIGH-CLASS 
SALESMEN to represent them in London and the 
North respectively. Only those applicants with 
knowledge of Reinforced Concrete or Steel Con- 
struction will be considered, and preference will be 
given to those who have occupied similar positions, 
Salary £500 per annum, commission, and expenses, 
Replies marked ‘‘ Confidential” should state age, 
qualifications, etc.—Write, BOX 635, T. if 
Browne’s Advertising Agency, 103, Queen Victoria 
Street, London, H.C.4, D 456 











})xpetienced Boiler Inspector 
_4 WANTED at large Chemical Works for 
Testing and Inspecting all Pressure Vessels, Hoists, 
Plant, ete. State full particulars of experience 
and salary required.—Address, D 483, Offices of 
ENGINEERING. 





cc ” 
anted, a “ General Buyer 

in a large building contractors’ office. 

Only those who have an intimate knowledge of all 
buildin . materials and a large experience in buying 
need apply. A good salary will be paid for a really 
first-class man.—Apply, giving full particulars of 
past experience, BUX Number 9654, c/o Poou’s 
Advertising Service, 180, Fleet Street, K.C. D477 





SINGAPORE, STRAITS SETTLEMENTS, 
WATER DEPARTMENT. 


ASSISTANT SUPERINTENDENT OF WATER 
MAINS AND SERVICES. 


The Municipal Commissioners of Singavore 
require an 


ssistant Superintendent of 
Mains and Services in the Water Department, 
age about 25 to 30, unmarried, on a three years’ 
Agreement with possible extension. Preference 
will be given, other things being equal, to Ex- 
service men, Applicants must be “ Registered 
Plumbers,” with experience in the work of a mains 
and services department under a water authority in 
the United Kingdom, and must be accustomed to 
eetving out the model by-laws and regulations. 
They should be accustomed to controlling men, 


will be an advantage. A bonus of $50 will be given 
on the selected candidate’s passing successfully an 
examination in colloquial Malay within twelve 
months of hisarrivalin Singapore. Salary $4560 for 
the first, $5040 for the second, and $552¢ for the third 
year, paid monthly in dollars, the currency of the 
‘olony, the value of the dollar being two shillings 
and fourpencesterling. If re-engaged, the candidate, 
in his fourth year would probably be placed in 
class 6 of the salary scheme, in which the annual 
increments are $10 per month and the maximum 
salary $540 per month. The pay of the oF greg 
for the first year at the above rate would be about 
£532. Such local transport allowance as may from 
time to time be sanctioned by the Commissioners 
will be paid. Free passage will be provided, with 
half-pay during the voyage out. The selected 
candidate must pass a medical examination. 
Separation. stating whether marrie/ or single, age 
and place of birth, and giving details of education, 
apprenticeship, training, and experience generally, 
with war service, and referring to all the above re- 
quirements in detail accompanied by copies (only) of 
testimonials, and also personal references, are to be 
lodged with Messrs. C.C. LINDSAY & PEIRCE, 
M.M.Inst.C. B., 180, Hope Street, Glasgow, Agents 
for the Commissions (who will give further particu- 
lars if requested), not later than Tuesday, 22nd ape 

467 


REQUIRED, for Machining Department of 


-ssistant 


SUPERINTENDENT w: 
considerable seagoing ex; erie ANTED, must b 


I 


nee 


in ulasgow. State age ard ex; 
500” WM. Porteous & Co , Aavertiee add 
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" |shown in the small detail Fig. 11. The extrados | 
THE GREAT-LAKE HYDRO-ELECTRIC |is struck throughout the height to — 
SCHEME, TASMANTA. | of 21 ft. 113 in. in a horizontal plane, the intrados 
(Continued from page 357.) | radius being 20 ft. 53 in. at the base, and 20 ft. 68 in. 

iti ¥ | at the top, the difference in thickness being arranged | and 3 ft. deep by 9 in. thick, with cross-members 
Tue new dam, which serves to impound the | for both by altering the radius and the position of |2 ft. 6 in. by 9 in. and 2 ft. by 8 in. A cross 
water in the Great Lake itself, is of the multiple-|the centre of the arc. The arches are reinforced | section of the platform is given in Fig. 25. The 
arch type, built of reinforced concrete. It super-/on the underside only, except at the haunches, at | sluice openings taper, the bottom of “the mouth 
sedes a much smaller structure which served during | the latter additional rods being arranged 3 in. below extending 21 ft. 11 in. upstream from the sluice 
the earlier stages of the scheme. It consists of|the up-stream face, and normal to the 60-deg.|face. From this point guides for fishscreens em- 
27 arches supported by concrete buttresses spaced | inclination. The spacing of these rods varies with| bedded in reinforced concrete are run up to the 
at 40 ft. centres. The total length of the structure | the position, ranging from 12 in. centre to centre | platform on a batter of 5 in. per foot Figs 27 
is 1,080, ft., being the longest of its type in the|at the top to 7 in. centre to centre at the foot.| to 30, &c., show details of the outside walls of 
world, and the only one of its kind in Australia. | Generally speaking the arch reinforcing rods are | the bell mouth, the party walls are pierced between 
We understand that Mr. C. C. Halkyard, the | } in. at the haunches changing to } in. some distance | the sluices and the fish screens by 8-ft openings 
department’s hydraulic engineer and deputy-assis-| from the springing. The arch bars on the underside | as shown in Fig. 15: a section of the roof of the 
tant chief engineer, was immediately responsible | of the arch are arranged 1} in. from the face, and the | ball mouth is given in Fig. 26. The size of the 
for the designs of this work. Details of this work | spacing ranges between 12 in. and 9 in. according to | opening at the fish screens is 20 ft. by 7 ft. 10 in 
are given in Figs. 7 to 32 on Plate XXXII with this | position. The distributing bars running lengthwise | The sluices are lined with cast-iron the passages 
issue, and this page and page 466. Fig. 33, annexed, | are 4 in. spaced at 18 in. intervals. In the upper| being reduced considerably down stream of the 
shows the down-stream side. The two views of | portion of the arch, reinforcement normal to the up- | gates. The platform over the outlets is provided 
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concrete columns. These columns are arranged to 
form the sluice guides as will be evident from Figs. 
15, 18, 20, 27 and 32. The platform itself is 6 in. 
thick and is carried on main beams 2 ft. 6 in. 


ApRIL 11, 1924.] 

















Fic. 33. Downstream Stpr or Dam SHowInG BoutrTrREsseEs. 


the up-stream face of the dam given in Figs. 34 
and 35, page 466, incidentally show part of the 
superstructure of the old dam now submerged, 
standing in the water. A general plan of the 
situation is given in Fig. 7, Plate XXXII, while 
Figs. 8 and 9 show respectively an elevation and 
plan of the dam to a rather larger scale. Details of 
the buttresses and arches are given in Figs. 10 to 
14, Plate XXXII. The buttresses have a thickness 
of 1 ft. 10 in. at the top and of 5 ft. at the 
base, where they are notched into solid rock as shown 
in Fig 10. The batter of the down-stream buttress 
face is 3} in. per foot, while the thickness dimensions 
just stated give a side batter to the buttresses of 
| in 40. On the up-stream side the buttresses are 
finished to a slope of 59 deg. 41 min. taken on the 
springing line of the intrados of the arch. The 
buttresses are reinforced by plain round bars, there 
heing two vertical 1-in. bars 6 in. inside the down- 
stream face and a network of } in. bars 2 ft. apart, 
on each side, 3 in. below the surface. On the up- 
stream side are four l-in. rods arranged in a rectangle 
enclosed by stirrups at 12-in. centres. These details 
will be clear from Figs. 10, 13 and 14. 

The up-stream faces of the arches have a slope 
of 60 deg., the thickness at the crown diminishing 
from 2°ft. at the base, 45 ft. below the crest, to 1 ft. 
at the top exclusive of a lip added at this point as 








| stream face is replaced by six } in. rods arranged in 
horizontal planes as shown in Fig. 10. 

The buttresses are tied together at footpath 
level and by two rows of horizontal beams close 


to the line of the springing of the arches. These 
beams have a normal section of 18 in. by 24 in., the 
depth being increased to 48 in. at the buttresses. 
The beams are reinforced by @-in. and }-in. longi- 
tudinal bars with stirrups 2 ft. apart. The footpath 
is carried by two beams 9 in. thick and 24 in. deep at 
the centre, increasing to 4 ft. at the buttresses. The 
main reinforcement consists of {-in. bars. The 
beams are spaced 3 ft. 9 in. apart centre to centre. 
The decking is reinforced concrete slab, 3-in. thick. 
The dam is finished with a plain but effective 
ballustrading standing 3 ft. above the path level 
consisting of pierced panels between posts about 
8 ft. apart. The ruling thickness of the panels is 
2in. The panels, posts and caps were pre-cast. 
Details of the outlet are given in Figs. 15 to 32, 
Plate XXXII. Embodied in the central span are four 
sluices controlled by hand-operated vertical sliding 
gates of cast-iron, capable together of passing 2,000 
cusecs, The general arrangement of the sluices 
is shown in Figs. 15 and 16. At this point a plat- 
form extends from the footpath deck level a distance 
of about 33 ft. 6 in. up-stream from the footpath, 


being supported at the outer edge by five reinforced | 





with an ornamental balustrade in keeping with 
that for the foot path, and provision is made for 
hoisting and cleaning the fish screens, Fig. 17 shows 
the up-stream elevation above the platform level. 

No spillway is provided as the margin of storage 
is considered to be ample to meet all emergencies 
while in the event of conditions requiring it the Ouse 
diversion can be regulated so that if necessary this 
supply can be temporarily cut off and the whole of it 
sent down the ordinary channel. 

Coarse aggregate for concrete was obtained by 
quarrying and crushing stone close to the eastern 
end of the dam. The sites of the quarry and 
crushing plant are shown in Fig. 7. Some of the 
fine aggregate required was obtained by passing a 
portion of the product of the crushers through a disc 
crusher and sand rolls, but the hard and flaky 
nature of the diabase rock rendered it impossible 
to obtain a satisfactory fine aggregate from this 
material alone. A deposit of sand was opened up 
on the shores of the lake some miles from the dam, 
and this material was carted to the dam site and 
there thoroughly washed. This sand was mixed 
with the product of the sand rolls in proportions 
varying slightly from time to time in accordance 
with mechanical analyses made for that purpose. 
In this manner a thoroughly sound and dense con- 
crete was obtained. For the arches a mixture that 
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was approximately 1:2:4 was used, and for the 
buttresses 1:24:5. Plain round bars were used 
for reinforcement throughout. 

Concrete was placed from a heavy travelling tower 
running on a track laid on longitudinal timbers 
immediately behind the dam, as shown in Fig. 7. 
The tower, which was 80 ft. high, embodied bins for 
cement, and coarse and fine aggregate. Material was 
delivered to the tower in }-yard trucks, which were 
raised on a hoist at the back of the tower and 
dumped into the bins. From the bins the materials 
were fed by gravity through measuring hoppers to a 
4 cub. yard mixer installed on the floor of the tower. 
The mixer discharged into a steel bucket which was 
hoisted and automatically discharged into the tower 
hopper, whence it was distributed by chutes to the 
forms. The loaded tower weighed 120 tons and was 
moved by steel cables operated by air-driven winches 
at each end of the track. With the exception 
of those machines, which were operated by com- 
pressed air, all the plant was electrically driven, 
power being delivered from Waddamana at 6,600 
volts, three-phase, and stepped down at Miena to 
415 volts and 240 volts. The buildings and works 
were electrically lighted, and to permit of working 
night shifts, when necessary, flood lighting was 
employed on portions of the dam. . 

The form work for the intrados of the arches 
consisted of braced arch frames made up of oregon 
timbers bolted together. As the radius of the intra- 
dos varies at different elevations, several sets of 
arch forms were required for one span. The arch 
forms supported stringers parallel to the axis of the 
arch, and these in turn supported sheeting of 
4-in. by 1}-in. hardwood cut to the curve of the 
arch bya bandsaw. The sheeting was supported on 
cleats nailed to the sides of the stringers, so that the 
face of the sheeting was flush with that of the 
stringers. The braced arches were supported by 
reversed wedges against inclined timbers bolted to 
the sides of the buttress, and by knocking out the 
wedges the forms could be easily released for removal. 
The radius of the extrados being constant the 
inclined stringers were held by bolts cast into the 
concrete as the arches rose, these bolts being later 
removed and the holes filled with mortar; the 
sheeting was similar to that used for the intrados. 
This type of sheeting was very convenient for 
placing concrete in narrow spaces containing rein- 
forcement, as it could be dropped in place, piece by 
piece, as the concrete rose, making it much easier 
to ram and work the concrete around the reinforce- 
ment and against the surfaces of the forms than was 
the case when the surface of the concrete was several 
feet below the top of the sheeting. A similar type 
of sheeting was used for the Ouse Diversion Flume 
and for certain portions of the power-house con- 
struction at Waddamana, and very satisfactory 
concrete surfaces were obtained notwithstanding 
the difficulties encountered due to shrinkage of the 
partially seasoned timber available. For the 
buttresses and other large masses of concrete forms 
were built up in the ordinary manner to the full 
height of each lift of concrete. 

For the greater part of the length of the dam 
a solid rock foundation was obtained at compara- 
tively shallow depths, but at several points deep 
rifts filled with decomposed material occurred, and 
this necessitated carrying down the foundations of 
buttresses and arches at these points. The records 
show that at two points dangerous material occurred. 
On the western side at one point excavation 32 ft. 
deep was necessary before sound rock was found. 
The worst place was in the eastern half of the dam 
where the lowest depth reached was 53 ft., necessi- 
tating cutting back the overburden to a depth of 
20 ft. ; 4,000 cub. yards were removed from this hole. 
Being only a short distance down-stream of the old 
dam, these excavations had to be made with the 
greatest care and heavy timbering adopted. Con- 
siderable amounts of water had also to be dealt with 
in some of the holes, in certain cases continuous 
pumping being necessary. The dam, which, as stated, 
is of particular interest as being the first of its 
kind to be constructed in Australasia, contains about 
10,000 cub. yards of concrete. 

Some time ago it was reported that the lake 
stood at 22 ft. 6 in. above the sill level of the new 
dam, and the old dam had been submerged, as will 


be evident from Fig. 35 on page 466. The water 
had risen 11 ft. in fifteen months with only average 
rainfall. 

The work in the Great Lake area was made 
difficult by the climatic conditions prevailing on 
the plateau, as well as by the need for transporting 
large quantities of material to hitherto inaccessible 
points. Construction camps on a large scale were 
established at two points, one of which at Liawanee 
served for the construction of the Ouse diversion 
land, while the other at Miena was at the side of 
the dam. Space does not admit of entering into 
detail with regard to this aspect of the enterprise. 
The records show that at times the country was 
under 8 ft. of snow, and absolutely cut off for 
several weeks at a time. In spite of good quarters, 
messrooms, Y.M.C.A. institutes, bath houses and 
other provisions, a staff of over 300 was liable 
to dwindle in bad weather to less than two dozen. 
The early winters were unfortunately particularly 
severe, so that the necessarily less perfect arrange- 
ments of those days made the winter work more 
trying than at later stages. During one season, 
when it looked as if real progress was about to 
be made, an epidemic of influenza put a stop to 
practically everything. Timber was difficult to 
obtain for quarters, and cement was very short for 
the works themselves. 

The transport difficulties arose not only from the 
remoteness of the district, but also from the differ- 
ence in elevation which had to be surmounted on 
the way up from the plains. The roads were so 
tortuous and steep that motor transport met with 
not a few accidents. For one section a horse 
tramway was laid down over which some 65 tons 
of material were taken in a day. The final climbs 
over the so-called Shannon, Baker’s and Barren tiers 
present very stiff gradients, while on the plateau 
itself presence of bogs did not ease matters at all. 

(To be continued.) 





THE ELEMENTS OF MAGNETIC 
ANALYSIS. 


By Ex.is H. Crapper, M.Eng., M.I1.E.E. 


Wuitst the literature of theoretical and applied 
magnetism is voluminous, and rich in contributions 
dealing with the laws and quantitative relationships 
of the magnetic circuit, it is strange that no complete 
system of magnetic analysis has yet been evolved 
and put into practice. 

The magnetic constants of a magnet which require 
consideration may be divided into two general 
groups, according as they refer (1) to the nature of 
the material utilised, and (2) to the working qualities 
or properties of the magneto-magnets. These con- 
stants are obtained : (a) Directly by experiment, or 
(6) are derived from the experimental results obtained 
and are formed by taking the product or quotient 
of two values obtained experimentally. It must be 
recognised at the outset, however, that there is no 
single-valued constant of a permanent magnet 
which specifies exactly its suitability as the essential 
element of a magneto. Furthermore, distinction 
must be made between the problems associated 
with the design of a magneto, and those dealing with 
the operative and working qualities of this type of 
electric generator, the importance of which, as 
the soul of the motor car. submarine and aircraft, 
has already attained considerable dimensions. 

It will be assumed, in what follows, that the 
general and fundamental principles of the magnetic 
circuit and of the usual methods of magnetic testing 
are well known. Thus, the typical hysteresis loop, 
given in Fig. 1, obtained by plotting the consecutive 
values of magnetisation obtained ballistically, when 
a sample of iron or steel is taken through a complete 
cycle of gradual changes due to the magnetising 
force H, being varied from H = 0 to Hmax, then 
reversed to — Hmax, passing through H = 0, and 
back again to Hmax, appears to form a convenient 
starting-point. It depicts graphically and clearly 
the nature of the changes which take place during 
the cyclic process of magnetisation, and it is interest- 
ing to note that there are three values of H for a 
given value of the flux-density B, as indicated by 
the dotted line abc, except when the magnetising 


For theoretical purposes it is desirable to ascertain 
the saturation value of the flux density B, of the 
material ; but in the case of the magnetically-hard 
materials the production of the high value of the 
magnetising forces Hs, required to determine it 
experimentally, presents some difficulty in ordinary 
works’ practice, and it is suggested that 500 c.2.8. 
units for Hmax gives satisfactory results for general 
purposes. A means of ascertaining the value of B, 
will be given in a later paragraph of the present 
contribution. 

The most distinguishing feature of the magnetic 
circuit is the circuital characteristics of the trans- 
ference of magnetic flux and magnetic force, which 
enable the fundamental relationships of Ohm’s law 
of the analogous electric circuit to be applied to 
form the basis of many magnetic calculations, 
Thus, the cause which sets up and maintains the 
effect produced in the form of a magnetic flux- 
stream N or 9, is the applied M.M.F. (magneto. 
motive-force), or magnetic potential of the exciting 
circuit, due to an electric current traversing the 
solenoid suitably wound over the magnetisable 
material; Ohm’s law for the magnetic circuit is 
as follows :— 
magnetic potential _ M.M.F. 


magnetic flux = . oon cae nif 
magnetic resistance _ reluctance 





Reluctance is the obstruction presented to the 
B B 
B 






Fig.1. 
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passage of magnetic flux by the material, and is 
denoted by the script letter R. Consequently, 


R= wee and M.M.F. = Rx ¢. 


The specific reluctance, or reluctivity, of a magnetic 
material, is denoted by the symbol p, and is the 
magnetic resistance between two opposing faces of a 
centimetre cube of the material. The reciprocal of 
magnetic reluctance is magnetic conductance or 
the permeance of the material, and is represented by 
the script letter P; the specific permeance of a 
magnetic substance is denominated permeability, 
the symbol for which is ». Permeability is, there- 
fore, the reciprocal of reluctivity, and is the measure 
of the facility or readiness with which a magnetic 
material becomes magnetised when a suitable 
magnetising force H is applied to it. Numerically, 
permeability is defined by the value of the ratio 
between the resultant flux density B, and the measure 


of the applied magnetising force H ; or # = z 


In the case of a closed magnetic circuit in the 
form of a ring of suitable dimensions, there is no 
magnetic leakage of flux, and the measure of the 
resulting flux is ¢ or N = —— and P = x 

From first principles R = pl/A and P = #A/, 
and P= S 

Whilst electric and magnetic circuits are analogous, 
it should be noted that the resistivity of an electrical 
conductor is a constant depending only upon the 
nature of the material and its temperature; per- 
meability, on the other hand, is a function of the 
flux-density of the flux traversing it. Furthermore, 
there is no insulator of magnetism, and non- 
magnetic substances have not zero permeability, 
but for non-magnetic materials or media » = 1; 
nor is there any loss of power so long as the flux 1s 
constant as regards magnitude and direction. 

During the process of magnetisation, the flux of 
@ lines traversing the sample is made up of two 





force H is a maximum or zero. 








components B; A and HA ; B; being the flux-density: 
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or lines of force per square centimetre, due to the 
magnetic substance itself, 7.e., iron or steel, and H 
the intensity of the magnetising-force, expressed 
as H lines per square centimetre due to the magne- 
tising-force, since the permeability of air and space 
is unity. We thus have : 

Nor@=BA+HA, 


and flux-density, 
Bu % = 3B, 4H. 
A 


In this relationship B; is known as the ferric- 
inductivity of the material, and it is suggested that 
for applied purposes, B; or its equivalent 47 I 
—from which I, the intensity of magnetisation is 
derived—is the constant which provides an intrinsic 
measure of the nature of the material, provided that 
the magnetising-force H applied is fixed and of suit- 
able magnitude., 

When the maximum value of the magnetising- 
force, Hmax, is applied, the resulting flux-density is 
Bmax» which is equal to Bimax -- Hyax } when 
the sample is hardened steel, Bjmax is less than if 
the sample had been good soft iron. Upon cutting 
off the magnetising current, Hmax is reduced to 
zero, but a considerable portion of Bimax is retained, 
the percentage being greater in the case of the 
hardened steel than with the iron. The measure of 
the flux-density retained is denoted by B,, and is 
known as the remanent flux-density. In the case of 
steel, the value of B, is retained more or less per- 
manently, and the steel then forms a permanent 
magnet. Obviously, with the magnetically-hard 
samples, B, = 471, , and the remanent intensity- 
of magnetisation, I,, is an intrinsic measure of the 
nature of the material. 

When it is desired to remove the remanent 
magnetism, a reversed magnetising force has to be 
applied more or less gradually, and the measure 
of the demagnetising current which reduces B, to 
zero, fixes the well-known coercive-force, H,, of the 
material for the physical condition existing. There 
are thus three independent parameters, Bmax, 
B, and Hy, for magnetic materials, which define 
the curve forming the hysteresis loop. In a later 
section the technics associated with hysteresis will 
receive adequate treatment, but for the present it is 
suggested that the phenomena associated with 
permeability give considerable information relating 
to the nature of a magnetic substance, inasmuch 
as it is a definite function of the flux density. It 
will be assumed that a considerable number of 
readings of B and H have been obtained in order 
to plot the ordinary B/H curve, and that the 
corresponding values of # have been determined. 
By plotting « against B, a type of parabolic curve 
results, Figs. 2 and 3, which give a definite 
value of the maximum value of #, known as max, 
which is a critical constant denoting the magnetic 
quality of the material, and one which differen- 
tiates very clearly between the magnetically-soft 
and magnetically-hard samples of iron and steel ; 
Hmax is, therefore, suggested as a critical constant 
which is definitely indicative not only of variations 
in composition, but of the heat treatment. 

_ Thus, in Figs. 2 and 3, the effect of the variation 
in the percentage of carbon in three carbon steels is 
clearly shown by the magnetisation curves and the 
corresponding permeability curves, both for the 
annealed and quenched conditions; the curves 
C, D and E refer to the annealed samples, whilst 
the curves F, Gand H refer to the hardened samples ; 
the initial temperature in the two cases was 900 














deg. C. The respective values of #max and the 
corresponding values of By were as follows :— 
TaBLeE I. 
Annealed. Hardened. 
Carbon bas 
Content. ) | 
max | By Minx | Bu 
! 
0-3 856 4,800 194-0 8,250 
0-8 290 5,800 100-0 7,500 
1-64 258 | 4,500 93-5 6,000 











_ Considerable importance is attached to the deter- 
mination of #max and its associated relationships, 
masmuch as its magnitude is an index of the 
nature of the material, and the values of #max 
given in Table IT are indicative of the general range 





steels. In order to obtain the exact values of this 
constant it is suggested that a fairly large number 
of test readings be taken at the specific part of the 
B/H, or magnetisation curve, in the neighbour- 
hood of By. Dr. Steinmetz has introduced a 
differential curve method which enables #max. to 
be ascertained exactly ; in this method the succes- 
sive changes in permeability per unit difference of 
B—the kiloline being taken as the unit of flux 





thereof for hardened samples of permanent magnet| Low hysteresis and coercivity imply high 


permeability with relatively small magnetising 
forces, but the magnetic conductivity properties 
obtained in alloys containing over 30 per cent. of 
nickel alloyed with iron far exceed the magnitudes of 
permeability previously anticipated. The most 
pronounced effects due to the inclusion of nickel 
with pure iron are obtained with alloys of approxi- 
mately 80 per cent. nickel and 20 per cent. iron, to 
which the name “ Permalloy ’’ has been given, and the 


TABLE TI.—Maxtmum PeRMEABILITIES AND ASSOCIATED RELATIONSHIPS. 



































| (1) (2) (3) (4) (5) (6) (7) (8) (9) 
, | I H, 
Material. Hy fade Mo yy By .. I, a ; € 
| m r 
| ! 
Carbon steels : | } 
C=0-2 od MALT LP Glad 450-0 25-0 20-0 9,000 714-6 770-0 1-07 0-0096 
C = 0:49 ad --| 19:3 245-0 5-0 38-7 9,500 753-0 835-0 1-108 0-0231 
C = 0-84 (a).. --| 52-0 96-5 5-0 90-6 8,750 689-0 605-0 0-878 0-0859 
C = 0:84 (b).. --| 58-0 86-0 0-0 106-0 9,100 715°7 670-0 0-936 0-0865 
C = 0-96 <* --| 50-0 93-0 — 83-3 7,750 610-0 640-0 1-05 0-0781 
C = 1-21 es -+| 53-0 96-5 3:0 95-6 9,250 728-5 645-0 0-885 0-0821 
C = 0-85 (oil) B.of S. | 53-0 93-0 40-0 91-5 8,500 669-0 740-0 1-106 0-0716 
C = 0-85 (H20) B. of 8) 56-5 92-5 32°5 90-8 8,400 661-0 = _ _ 
Tungsten steels : 
100 oe ae 75:0 | 80-25 | 30-0 115-0 9,250 727-0 | 731-0 1-005 0-1026 
K. on = --| 78° | 88-0 | 23-0 115-0 9,500 747-0 | 773-0 1-034 0-0965 
Allevard (W = 5°52) | 73:0 | 98:5 | 3°5 105°3 10,380 817-5 850-0 1-039 0-0859 
Allevard (W = 5-52), | | } | 
annealed .. --| 26-0 268-0 | 0-0 39-0 10,500 832-0 900-0 0-925 0-029 
Chrome steel (Hm =150)} 66-6 | 97-0 | 21-0 87-0 8,350 657 767-0 1-166 0-0869 
B. of 8.; Hmax=1,800) 53-5 | —_ | —- _— _ <-> | 891-0 _ 0-06 
Permanite ae sot S563 | 76:5 22-5 146-4 11,200 678-0 875°3 0-997 0-1034 
Cobalt steel : | 
K.S. (Honda) ish: SB |. AF 11-2 264-0 10,750 834-4 | 905-0 1-084 0-263 
K.S. (B. of 8.) Hmax | 
=2,500 .. - | 215 | 30-7 | 8-0 309-4 9,500 731°3 | 708-0 0-968 0-303 
! 
Fig. 3. u“ 
0 40 80 120 160 200 








Bin Kilo-lines 


(8220.0) 


density—are expressed as A, and these are plotted 
as ordinates against the corresponding differences 
in the flux density Bg. This method is an applica- 
tion of the principle of taking as abscisse “1+? 
%2 +2 . . 
2 &c., and as ordinates the corresponding 


values of 2— 4, 3—¥ | ge. 
tq —- 2% %— % 

A graphical representation of the method is given 
in Fig. 4, showing both the (y/B) and the 
(A»/Ba) curves for a sample of “‘ Permanite” magnet 


steel, the respective magnetic constants of which are 


‘| given in Table III. The A u curve, as shown, inter- 


sects the A u zero line (Fig. 4) acutely, rendering it 
possible to ascertain with considerable accuracy the 
precise value of H,, B,, and I,, given in the table. 
For a period of ten years the low hysteresis and 
coercivity alloys of iron with varying percentages 
of nickel have been investigated by Marius Latour, 
Dr. H. D. Arnold and G. W. Elmen of the American 
Telephone Company and the Western Electric 
Company, T. D. Yensen and J. Wurschmidt. 
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TaBLe IJI.—Magnetic Data re “ Permanite,” Arranged 
for the Steinmetz Graphical Method of the Determina- 


























tion of max, 
B | B B 
H. | as Se Ap. ad 
eso Hi Kilolines 
0-0 0-0 22-6 po se 
1-0 38-1 26-2 +3-6 0-5 
2-0 66-2 30-2 4-0 1:5 
3-0 86-2 34-8 4-6 2-5 
4-0 100-0 40-0 5-2 3-5 
5-0 110-1 45-4 5-4 4:5 
6-0 117-4 51-1 5-7 5-5 
7:0 120-7 58-0 6-9 6-5 
8-0 124-2 64-4 6-4 7-5 
9-0 129-0 69-8 5-4 8-5 
10-0 185-8 73-9 4-1 9-5 
11-0 144-7 76-0 2-1 10-5 
12-0 160-4 74:8 -1-2 11-5 
13-0 185-7 70-0 —48 125 
14-0 222-9 62-8 -7°-2 135 
14-5 251-7 57:6 —5-2 14:0 
15-0 288-4 52-0 ~5-6 14-5 
15-5 332-6 46-6 —5-4 15-0 
16-0 388-3 41-2 —5-4 15-5 
16-5 453-3 36-4 —4-8 16.0 
! . 





curve in Fig. 5 depicts how the initial permeability 
Mo varies throughout the nickel-iron series, when the 
heat treatment, which has been ascertained experi- 
mentally for the 80 per cent. nickel-iron alloy, is 
adopted, and it is found that the maximum value of 
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fi is approximately 13,000. By extending g the u/B| 


curve until it cuts the » ordinate corresponding to 
H,, 1.e., zero magnetising force, the value of py 
designated the initial permeability—corresponding 
to B, is obtained ; thus, in Fig. 4, up is 22-5. 

The critical analysis of the nickel alloy which 
gives the highest value of », so far investigated, is 
found to be Ni 78-23, Fe 21-35, C 0-04, Si 0-03, 
S 0-035, Mn 0-22, Co0-37, CuO-l, and it is 
essential that the correct heat treatment of the 
alloy be applied to secure consistent results; the 
rate of cocling also plays a most important part 
in the preparation of the test samples. 

The relative areas of the respective hysteresis 
loops for Permalloy and Armco iron are given in 
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Fig. 6. From the respective » curves given in 
Fig. 7 for Permalloy and Armco iron, it will be noted 
that pmax. for Permalloy is 87,000, and this value 
is stated not to be especially high for the new alloy. 


(T'o be continued.) 
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Elements of Radio Communication. By Ettery W. 
Stone, Lieutenant U.S.N. Illustrated. Second Edition, 
revised and enlarged. London: Crosby, Lockwood 
and Son, 1923. [Price 15s. net.) 
Tue home market is so well supplied with literature 
on the subject of wireless telephony, both theoretical 
and practical, that an American work should 
possess unusual merit, if it is to compel attention 
or to command a sale. Frankly, we see no 
evidence of exceptional originality, in the above 
work. The treatise follows the usual lines, pre- 
sents the same facts, and offers that kind of 
explanation with which many similar English works 
have made us familiar. The author, Lieut. Stone, 
has been a capable teacher in the Communication 
Service of the United States Navy, and has rendered 
efficient aid in the miliiary branches of the Govern- 
ment. The text is a resumé of lectures he has 
given to students, and that indicates with sufficient 
clearness the scope and purpose of the manual. 
Considerable experience has taught the author the 
stumbling blocks that students encounter, and the 
points on which it is necessary to lay emphasis ; 
it has,‘also, given him great dexterity in handling 
and dissecting diagrams, which in less-trained hands 
might prove bewildering complications. He is not 
always careful to express himself clearly, as at 
the outset, for example, he seems to say that there 
are no differences between sound waves and light 
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waves, but evidently means that every particle of 
the medium returns to the same relative position 
after the completion of a wave whatever its nature. 

For the English reader, the interest of such a 
work mainly consists in noting the points of 
difference in American and English practice, and 
some of these become obsolete as new and improved 
apparatus displace old methods of procedure. For 
instance, in treating of undamped waves, it is 
stated that in order to diminish the inconveniences 
of interference, the United States adopted a law 
requiring that the logarithmic decrement of the 
wave radiated from a transmitter should not 
exceed two-tenths. We should doubt if this could 
ever be strictly enforced, or be effective if it were. 
In the quenched-gap transmitters and in the 
United States Navy, it is stated that the decrement 
is as much as 0:4, permitting the principle of 
resonance to be applied with good effect. Another 
provision designed with the view of promoting 
the purity of the wave may be valuable, and some 
similar legislative enactment may become necessary 
here. In the case of a transmitter radiating waves 
of two frequencies (as when the distance between 
the sparking surfaces of the impulse gap is abnor- 
mally increased) it is required that the energy 
in the lesser shall not exceed 10 per cent. of that 
in the greater. This should lead to very sharp 
tuning, but needs accurate measuring apparatus, 
as a form of decremeter. 

The contents follow mainly the usual lines of 
the elementary text book, from which the assistance 
of mathematical analysis is excluded. There is 
the necessary attempt to explain the technical 
terms used, and there follows the description of 
apparatus necessary for the transmission and 
reception of signals. The student can, if he pleases, 
trace what has been effected in the quarter of a 
century that has elapsed since Marconi placed 
what we call wireless, and what the American 
calls radio, transmission on a commercial basis. 
One lifetime has been sufficient to see the evolution 
of this branch of science, and the development of 
the complicated machinery by which its effects 
are produced. The author is well advised in 
adhering to the historical development. The earlier 
stages of discovery are not only always interesting 
as indicating the groping of ingenious minds, but 
it is easier to follow the successive steps that have 
won achievement, than to be brought suddenly 
into contact with the completed arrangements 
that have been the fruit of much thought and 
experiment. It is no slight feat to pass in review 
all that has been accomplished since Hertz obtained 
and measured electric waves in free space, and 
Sir W. Preece was conducting his experiments, till 
the time when sound and articulation have bridged 
the Atlantic. The whole panorama of successful 
mechanical effort passes through these pages, 
although it necessarily moves by jerks, and happy 
are those who can fill in the lacune and see the 
continual and uniform motion of progress. 

There are difficulties which we think the author 
has failed to meet, or, more correctly, perhaps 
he suggests alternative explanations for recognised 
phenomena that we cannot accept. For instance, 
electric waves having the velocity of light do not 
move in straight lines, but fortunately for us 
curve round the earth. This was long a puzzle 
till Heaviside suggested an explanation, which has 


received very general support. Apparently Ameri- | 


can physicists do not accept this hypothesis. and 
the author reproduces a diagram, usually considered 
misleading, in which the upper half of the wave is 
seen travelling over the landscape, while the lower 
extremities are grounded in the earth and lag 
behind the upper portion. This diagram, and the 
theory on which it is founded, are used to explain 
the observed fact that transmission of signals is easier 
over salt water than overland, because salt water 
is practically a perfect conductor. The ionisation 
theory may not explain all the observed phenomena 
with which it has been connected, but English 
readers will not readily substitute the arguments 
submitted here. If Lieut. Stone is correctly 
understood, he falls back on this theory to explain 
the varying strength of signals by day and by 
night. 





To one chapter, that on broadcasting, we turn 


with? some eagerness, for the Americans, hayj 
had larger experience of this service, may have 
advanced further than we have, and overcome 
some of the defects of which we complain loudly, 
We doubt if we have much to learn, though, in 
for instance, the equipment of police automobiles 
by the New York and Chicago Police Departments 
for the detection of crime we have an advance which 
has been copied in London. The transmission 
of music presents difficulties there, as it does here, 
for after describing the results obtained from the 
most efficient. broadcasting stations, it is claimed 
that the quality of the music obtained from such 
sets is even superior to that of the best gramophone. 
This is not extreme praise for the latest outcome 
of telephonic science. Possibly the methods of 
transmission are more to blame than the electrical 
transmitters, and insistence on the most judicious 
methods of collecting orchestral results, on the 
size of the aperture of the collector, the distance 
from the origin of sound, and especially the adoption 
of means to ensure that the advancing air wave front 
enters the receiver in as nearly a straight line as 
possible, indicate points that our entrepreneurs are 
not likely to overlook. Not only has the author 
worked strenuously to improve the methods of 
musical broadcasting, but he was probably the 
first to give a lecture to an unseen audience by 
radio. As an enthusiast he naturally looks forward 
to great extension in the future, seeing in its use 
the interlinking of all the civilised countries of 
the world, and an instrument for promoting the 
gaiety of nations. It is not a little curious to 
note that a form of speech transmission, which 
at one time was looked at coldly because it failed 
to possess the quality of secrecy, has come into a 
kingdom of its own and won its greatest triumphs 
by reason of its power of addressing the multitudes 
simultaneously. 
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STATION OF THE 


THE POWER 
BRITISH EMPIRE EXHIBITION. 


(Continued from page 427.) 


Tae third of the main generating sets in the 
Wembley power station is the only one which 
exemplifies throughout the products of a single 
company. The manufacturers of this set are the 
English Electric Company, Limited, who are re- 
sponsible for turbine, alternator and condensing 
plant, the auxiliary machinery being supplied 
by Messrs. Worthington-Simpson, Limited, and 
Messrs. Hick, Hargreaves and Co., Limited. As in 
other cases, the turbine develops its power at 3,000 
rp.m., driving a 1,500 kw. alternator producing 
three-phase 50 cycle current at 3,300 volts. The 
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| general appearance of the unit is shown in Fig. 56 
| above, which represents a duplicate of the one at 
| Wembley, constructed for another station, and a 
| longitudinal section through the turbine alone is 
'given in Fig. 57. The machine is designed to 
work with steam at 200 Ibs. per square inch super- 
heated to 600 deg. Fahr. and to exhaust into a 
28-in. vacuum. It comprises, as will be seen from 
the sectional drawing, eight stages, the first wheel 
being velocity-compounded and the remainder 
being simple impulse wheels. The high pressure 
portion of the casing is of cast steel, this material 
being brought well forward along the body, so as to 
carry the sector of guide blades belonging to the 
first wheel. The remainder of the casing is of cast- 
iron and is of course never subjected to temperatures 








or pressures which are not well within the working 
range of this material. 

The complete turbine casing is divided on the 
horizontal centre line, and the top half may be 
unbolted and lifted away without breaking any 
pipe-joints. The casing and pedestals are mounted 
on a continuous bedplate of stiff section, the casing 
being anchored to the bedplate by the exhaust end 
pedestal. The pedestal at the steam end is free to 
slide longitudinally, thus allowing the turbine body 
to expand with changes of temperature. The thrust 
block is fitted in the steam end pedestal, so that the 
turbine shaft and wheels maintain their proper 
axial relationship to the casing when the latter 
expands and contracts. Large supporting feet 
as shown in Figs. 56 and 57, at the exhaust 


456 | 
end take practically the whole of the weight, so 
that very little load has to be carried by the steam 
end pedestal. 

The high pressure nozzle-plate is of bronze and 
the nozzles are machined to the correct form and 
size. The diaphragms are cast in halves and the 
nozzle passages are formed by nickel steel plates 
cast into the rim of each diaphragm. Steel set- 
screws hold the diaphragms in place and prevent 
them dropping out when the casing is opened. 
The ‘diaphragms are further supported by means 
of keys, as shown in Fig. 57, which allow for ex- 
pansion and at the same time keep the diaphragms 
central with the shaft. The diaphragm glands are 
of the labyrinth type, the baffle strips being caulked 
into grooves turned in the hubs of the diaphragms. 
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controls the throttle valve spindles by means of an | pressure of the oil for the lubricating system. 


oil-relay gear so that the governor has only to 
operate a relay valve which admits oil under pressure 
to either side of the piston in the relay cylinder. 
The governor is driven by worm gearing from the 
turbine shaft. The safety device is quite distinct 
from the main governor. It causes both the main 
throttle valve and the main stop valve to close 
should the speed of the turbine rise to 10 per cent. 
above normal, and it can be operated by hand in 
case of emergency. It consists of a ring of steel 
slightly out of balance, surrounding the shaft, its 
tendency to take up an eccentric position under 
centrifugal force being prevented by a spring. Ata 
speed sufficient to overcome the resistance of the 


| 














spring, the ring moves outwards and strikes a case- 
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Fias. 58 To 64. 
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These strips are of brass with a sharp edge, and are | 


bored to give a fine clearance round the shaft. 
The turbine wheels, which are of nickel steel, do 
not come in contact with the shaft but are mounted 
in position on supporting rings. These rings are 
split, and are somewhat similar to piston rings. 
The shaft is grooved to receive them, and both 
rings and discs are firmly keyed in position. All 
the blading is milled from solid bars of Firth’s 
stainless steel. The blades have roots of T section 
fitting into corresponding grooves round the wheels, 
the roots themselves forming distance pieces. The 
blades are machined all over and a tang is formed 
at the end of each, by which the shrouding may be 
riveted on. The shrouding is made in sections to 


allow for expansion, and each fully-bladed disc is 
balanced on knife edges before being put on the 
shaft. 

A powerful totally enclosed centrifugal governor | 
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hardened steel lever, which releases a trigger and 
thus allows a powerful spring to close the stop- 
valve. At the same time oil is admitted to the top 
of the relay cylinder, thus causing the throttle | 
valve to close. 

The glands at both the high pressure and low 
pressure ends of the machine are of the carbon.- | 
ring type, the three segments of each ring being 
held together by garter springs. Cast-iron distance 
rings of L section separate the carbon rings. Both 
glands are steam-packed in the usual way, to 
prevent leakage of air into the turbine or escape 
of steam into the engine room. Steel sleeves 
are fitted to the shaft where it passes through 
the glands. 

The main oil pump is of the gear type and is 
driven by worm gearing from the turbine shaft. 
It supplies oil at a suitable pressure for operating 
the oil relay gear, and a reducing valve lowers the 














The pump draws oil from‘a reservoir which is 
situated at the end of the turbine bedplate and 
forces it through a cooler to the bearings, coupling, 
worm gear, &c. The return oil flows back to the 
reservoir through strainers which can be removed 
for cleaning while the machine is in operation, 
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An auxiliary oil pump driven by a small steam 
turbine having blades milled from the solid is pro- 
vided for starting and emergency purposes. bw 
pump is fitted with a pressure governor _ 
brings it automatically into action when the i . 
pressure falls below a predetermined value. The 


oil cooler is independent of the turbine. Nac 
somewhat similar in design to a condenser, the 
rass tubes 


cooling water passing through straight b 
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slots on the hubs. The coupling is contained in 
the exhaust end pedestal and is lubricated from the 
main oil system. 

The generator, which is coupled to the turbine, 
follows the standard practice of the English Electric 
Company, Limited, with regard to machines of 
this type. It develops a normal output of 1,500 
kw. at 80 per cent. power factor, producing three- 
phase current at 50 cycles and 3,300 volts. The 
stator core plates are insulated from one another by 
thin paper and the slots are of the semi-closed type 
so as to ensure a solid support for the embedded 
portion of the winding while leaving it as far as 
possible exposed to the cooling effect of the air in 
the air-gap. The stator slots, moreover, are made 
of such a depth as will provide a space through which 
the ventilating air can pass, and thus can come into 
direct contact with the straight portion of the wind- 
ings.- The cooling is thus exceptionally good, par- 
ticularly as the stator core plates are also punched 
with circular holes through which the cooling air 
can pass. The straight portions of the stator con- 
ductors are insulated with mica before being pushed 
into position in the slots. The various bars are 
then coupled together by end connections of strip 
copper which are rigidly held in position to prevent 
any displacement by the stresses which would occur 
if the machine were accidentally short-circuited. 

The rotor is solid with the shaft, its slots being 
machined out accurately to gauge, and closed by 
metal wedges after the windings have been placed 
in position. In the overhanging portion of the 
rotor coils all space not required for ventilation is 
completely filled with insulating material. A 
further layer of insulating material is placed on the 
outside of the overhanging coils, and is turned up 
to fit the inside of the steel cover by which the coils 
are protected. The slip-rings are of steel and are 
shrunk on to a steel bush from which they are 
insulated by a micanite tube. The ventilation of 
the machine is effected by means of two fans, one 
at each end of the rotor. One fan is a pressure fan 
delivering air to the stator and to the stator end 
connections, after which it escapes by an opening 
in the casing of the machine. The other fan is a 
suction fan, and draws air through the axial venti- 
lating ducts in the rotor, thereby cooling the rotor 
windings and end connections. The air is then dis- 
charged. It will be noted that the air which has 
previously become heated in cooling the rotor is 
not used to cool the stator, but both parts of the 
machine have an independent supply. 

The condenser into which the turbine exhausts 
is illustrated in Figs. 58 to 64, on page 456. It was 
originally designed to deal with the steam from a 
2,000-kw. turbine, and consequently, is somewhat 
large for its present duty. It is designed to deal 
normally with 27,400 lb. of steam per hour, and 
is capable of a maximum duty of 36,000 Ib. 
per hour. It is of the three-flow type, with a 
cooling surface of 3,550 sq. ft., and will give a 
vacuum of 28-25 in. with the barometer at 30 in. 
when supplied with cooling water at a temperature 
of not more than 75 deg. F. The unusually wide 
spacing of the upper tubes and the large steam inlet 
branch are characteristic of recent designs by the 
English Electric Company, the object being to 
distribute the steam in such a manner as to ensure 
the most efficient use of the tube surface, and to 
provide that uniformity of temperature which is 
conducive to long intervals between cleanings. 
The area available for steam flow decreases gradu- 
ally from the top to the bottom of the condenser in 
spite of the cylindrical body. The cylindrical shape 
is retained on account of its mechanical strength 
and the facility with which it may be machined to 
give tight joints. It will be noted in the cross- 
sectional view, Fig. 60, thit an inclined longitudinal 
baffle-plate carried by angle-irons separates a group 
of tubes from the remainder in the lower part of the 
condenser. The gases and incondensible vapour 
flow over these tubes immediately before leaving 
the condenser, the space under the baffle forming a 
devapourising chamber to cool the gases and reduce 
their volume before they pass to the air extraction 
apparatus. 

The apparatus employed for this purpose is the 
Hick Breguet Ejectair, illustrated in Figs. 65 and 

66, on page 456. This is designed to maintain a 
vacuum of 28-25 in. when dealing with leakage of 
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30 lb. of air per hour into the condenser. The| 


steam consumption of the Ejectair under these 
conditions is 3201b. per hour. The apparatus 
comprises two single steam jets in series, with 
an intermediate condensing chamber. Referring 
to Fig. 66, air is drawn from the condenser, 
enters the apparatus at A, and is driven by a 
steam jet B through the throat of the diverg- 
ing nozzle, whence it is delivered at a higher 
pressure into the intermediate condenser C. Here 
a water-jet D is sprayed into the mixture, condens- 
ing the steam from the nozzle B, and also cooling 
the air. The latter is withdrawn from the con- 
densing chamber and expelled at atmospheric pres- 
sure by the second steam jet E. The vacuum in the 
condensing chamber is usually about 4 in. less than 
that in the main condenser, so that condensate 
water may be used for the jet in the chamber. 

The water in the condensing chamber is removed 
by passing it back to the suction side of the conden- 
sate pump by means of a balance pipe, which, in 
addition to the removal of the water, provides the 
head necessary to balance the difference of pressure 
between the main condenser and the chamber being 
drained. The whole of the latent heat in the steam 
used for the jets is recovered. That from the first 
jet is absorbed by the condensate water, and that 
from the second is recovered in a feed-water heater, 
through which the condensate is passed. This 
heater is of the horizontal type, and is suitable 
for the passage of 2740 gallons of water per hour 
at 92 deg. F. It will condense 190 1b. of steam 
per hour at a pressure of 16 1b. absolute. The 
approximate temperature rise of the water is 
6-6 deg. F., and the water resistance is equal to a 
head of 2-14 ft. The heater is designed to deal with 
a maximum of 3,600 gallons of water per hour, the 
head required under these conditions being 3-7 ft. 
The Ejectair is fitted with a stabilising valve, which 
ensures stability of vacuum under the conditions of 
load. This valve, which is shown in Fig. 66, is so 
adjusted that it only comes into action at very light 
loads, when the vacuum in the intermediate con- 
densing chamber would otherwise be too high to 
ensure the satisfactory operation of the second 
stage ejector E. The apparatus may be in service 
for very lengthy periods without the necessity aris- 
ing for the automatic stabilising valve to operate. 

The circulating pump and the condensate pump, 
which are illustrated in Figs. 67 to 70, on page 457, 
have both been supplied by Messrs. Worthington- 
Simpson, Limited. The circulating pump has inlet 
and outlet branches 14-in. diameter, and is designed 
for a discharge of 2,760 gallons of water per minute 
against a total head of 52 ft. when running at a 
speed of 1,450 r.p.m. The pump is driven by an 
electric motor of the English Electric Company’s 
make, which has a full load rated output of 70 b.h.p. 
The pump-casing and the bearings are divided on 
the horizontal centre line, thus allowing the impeller 
to be inspected or the pump dismantled with the 
minimum of trouble. The impeller is of the double- 
entrance type, made of gunmetal and carefully 
balanced. The shaft is carried on ring-lubricated 
bearings external to the pump, and axial location 
is obtained by means of a collar thrust bearing as 
shown in the drawing. The stuffing-boxes on the 
end covers of the pump carry soft packing and are 
water-sealed to prevent inflow of air. 

The condensate pump, shown in Figs. 69 and 70, 
has 4-in. inlet and outlet branches. It is of the two- 
stage type and is designed to discharge 43,000 Ib. of 
condensate per hour under a vacuum of 28 in., and 
against an external head of 30 ft. The pump is 
directly driven by a 7-b.h.p. English Electric motor 
running at 1,450 r.p.m. The pump casing is of 
cast-iron, with renewable rings and bushes, so that 
a fine running clearance may be maintained. The 
impellers are of gunmetal of the single-inlet type, 
and, of course, work in series. The pump shaft is 
located axially by a collar thrust bearing, and as in 
the case of the other pump, it is carried in ring- 
lubricated bearings. The stuffing-boxes, which in a 
pump of this nature, are very important details, 
are of special design waterseated from the delivery 
pipe. To prevent the pump-casing becoming vapour- 
locked, means are provided for connecting thé 
interior of the casing to the condenser steam 


space. 





(To be continued.) 
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THE NUCLEUS OF THE ATOM. 

Discourstne upon “The Nucleus of the Atom,” 
at the Royal Institution, last Friday, Sir Ernest 
Rutherford said that the nucleus controlled the 
atom as the sun controlled the planetary system. 
The nucleus was a world of its own, held together 
by gigantic forces, and was little, if at all, affected 
by the chemical and physical processes which 
depended upon the outer electrons. About the 
latter, we had a wealth of information; but methods 
of attacking the nucleus were limited in scope. 

After twenty years of study, we began to know 
that the atom was an electric structure, held to- 
gether by electric forces, that the atoms of all the 
elements were similar, and that the atom consisted 
of a massive nucleus surrounded at relatively large 
distances, by a distribution of light electrons. The 
first chief fact about the nucleus was its positive 
charge. The relation between the nuclei of different 
atoms was extraordinarily simple. The lightest 
element hydrogen had a nuclear charge of 1 and 
1 electron ; the next element, helium, had a charge 2 
and 2 electrons, and so on, with a few gaps, to 
uranium, with a charge 92 and 92 electrons; these 
“atomic (or ordinal)” numbers, were sufficient te 
characterise the different atoms. We further knew 
that the positive nuclear charge was a resultant 
charge ; since radioactive elements emitted both 
positive and negative particles; these particles must 
be in the nucleus, and the charge there represented 
their algebraic sum. Within the last few years 
evidence had accumulated that the nucleus was 
made up of two fundamental units, light electrons 
and a more massive body, probably the hydrogen 
nucleus, called proton, of mass 1. Thus the atom 
of oxygen, of atomic weight or mass 16 and ordinal 
number 8, contained in its nucleus 16 protons 
and 8 electrons. . 

In the same way, we were fairly certain about the 
numbers of protons and electrons in other elements : 
but we knew nothing about their arrangement. Yet 
we believed that the atom was not merely whirling 
mass, but that there were secondary units, and that 
the helium nucleus, itself consisting of 4 protons 
and 2 electrons, formed one of these units. The 
proton was really the unit of positive charge or 
positive electron ; but it was not a counterpart of 
the negative electron, for its mass was much greater. 
Since the mass of a given electric charge increased 
with its concentration, the great mass of the 
hydrogen nucleus might be accounted for, if it 
were much smaller in size than the electron. Colli- 
sions between hydrogen nuclei and electrons, indeed, 
indicated that the hydrogen nucleus was smaller 
than the electron, the radius of which was supposed 
to be 10-5 cm. Taking the average mass of the 
proton as 1, the masses of all the other nuclei would 
be whole numbers. This whole-number rule of 
Aston was only an approximation, however—though 
a good one—and could only be an approximation, 
from which all elements probably deviated slightly. 
Aston himself had recently observed a departure in 
the case of tin. 

The idea of a nucleus, the lecturer continued, had 
arisen from the consideration of the scattering 
which @ particles underwent when passing through 
matter. The particles were scattered at all angles. 
some at nearly 180 deg., as if repelled straight back 


in a head-on collision. To demonstrate these effects. 


Sir Ernest made use of two solenoids (representing 
strong vertical magnets), the one stationary with 
its N. pole on top, the other suspended by a cord, 
with its N. pole at the lower end. When the sus- 
pended magnet was made to oscillate as a pendulum. 
it was deflected by the stationary pole, and its path 
was turned into a hyperbolic orbit; a swiftly- 
moving pendulum was less deflected, of course, than 
a slow pendulum, but it got nearer to the pole. 
From the scattering experiments of Geiger and 
Marsden, it was concluded, that the nucleus of a 
heavy atom like gold had a radius of 6 x 10-# cm.. 
and that the inverse square law of repulsion held, 
assuming that the nucleus and the @ particle were 
both point charges. It had been found that the 
a particle could get within 5 x 10-12 cm. of the 
core, the atomic radius being of the order of 10~° 
em. As, however, the a and f particles of the 
radioactive elements, seemed to come from deeper 
layers of the nucleus, it should conversely be possible 
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for projectiles of a particles to penetrate into those 
layers ; but such experiments might take years, and 
even then might only lead to inconclusive results. 

Chadwick and E. 8. Bieler, therefore, experi- 
mented with lighter atoms, promising closer ap- 
proach to the nucleus, the latter making use of the 
arrangement illustrated in Fig. 1, in which S was 
the radioactive source, A and A, were the scattering 
materials, and R was the zinc sulphide screen. In 
their calculations they and C. G. Darwin considered 
that the target might be a disc or a sphere, not 
merely a point, and they found that the inverse 
square law no longer held at closest approaches, 
but was approximated to, especially when the 
target was assumed to be an oblate spheroid. Bieler, 
moreover, investigated whether the repulsion would 
change into attraction, once a particle had actually 
penetrated into the nucleus. In comparative experi- 
ments with gold and aluminium, he observed that the 
scattering was less on closest approach than it 
should be on the inverse square law, especially with 
the lighter element, aluminium, and that attractive 
forces varying inversely with a higher power than 2, 
might come into play. In the case of aluminium, 
a balance between the repulsive and attractive 
forces seemed to be reached at 4 x 10-5 cm. At 
the closest range, swift a particles seemed to be 
less effective than slower particles. To exemplify 
this effect, Sir Ernest modified his pendulum experi- 
ment. He enabled the stationary magnet to oscillate 
by mounting it on a spiral spring. and moved the 
other magnet by hand ; when this motion was slow, 
the pendulum began to oscillate ; with swift motion, 
the pendulum was not disturbed. 

Passing to the radioactive elements, the seats of 
forces of four million volts, Sir. Ernest pointed out 
that the wealth of observational data could not 
yet be utilised. Most of the radioactive transforma- 
tions took place under ejection of either an a 
particle of a B particle. But the three C bodies, 
radium C, thorium C and actinium C all under- 
went a bifurcated transformation, losing first either 
an @ particle and passing into C!, or a particle 
to pass into C', or vice versa, both the C! and CU 
then passing, by losing a further particle in the 
reversed order, into the same body, RaD or thorium 
lead or actinium lead. That analogy could not be 
accidental. Further, L. F. Bates and J. 8. Rogers 
had quite recently observed that these three C 
bodies emitted particles, hitherto unknown, of 
exceptionally long ranges, partly in large numbers. 
Thus, RaC gave particles of ranges 3°8. 7:0, 9°3, 11:2, 
13-3cm., and thorium C particles of 4-8, 8-6, 11-5, 
15-0 and 18-4 cm. This might help to account 
for the previously-observed fact that the number 
of protons liberated in disintegration experiments 
sometimes far exceeded the expected number.* 

Again, J. Chadwick and C. D. Ellis had found 
that the B-ray from RaB and RaC gave a con- 
tinuous spectrum on which group spectra were 
superposed. These spectra represented the distri- 
bution of particles in a pencil of rays when spread 
out by strong magnetic fields; the new spectra 
exhibited were remarkably distinct. 

The spectra of these 8 particles, supposed to be 
secondary and due to y-rays coming from the 
nucleus, were interpreted in various ways. Sir 
Ernest suggested that the three peculiarities 
mentioned (the double transformation of the 
C bodies, their long-range particles and the 
group emission of 8 rays) all indicated that the 
8 rays came, not from the nucleus, but from a dis- 
tribution of satellites circulating about the main 
nucleus. This was supported by the determination 
(by Ellis) of the wave-lengths of the y-rays and of 
the energy levels from which they originated ; the 
levels of the corresponding lines for RaC and RaB 
(Fig. 2) were similar, but the latter were displaced 
in the direction of lesser energy. There was evidence 
to show that the quantum relations which held for 
the outer electrons, applied also to the nucleus. 

Sir Ernest then turned to new developments of 
his experiments on the disintegration of atoms by 
shooting @ particles into them.f Remarking that 
to study a mechanism it was best to take it to pieces 
and then to build it up again, he admitted that he had 





* Compare the lectures on “ Atomic Properties,” 
ENGINEERING, March 23, 1923, page 358. 
} See Encrvzerrme, June 29, 1923, page 798. 








so far succeeded only in the disintegration, but not 
in the building up. By these bombardments he had 
ejected hydrogen nuclei (protons) from six elements, 
boron, nitrogen, fluorine, sodium, aluminium and 
phosphorus, all elements of odd atomic numbers 
(5, 7, 9, 11, 13, 15), but not from other elements and 
not from the intermediate elements of even ordinal 
numbers. The ranges of the. ejected portions 
(90 cm. in the case of aluminium) had all been 
greater than 30 cm., which was the range of free 
protons set in motion by @ particles. The great 
difficulty in these experiments was to get rid of 
impurities, particularly traces of hydrogen; if 
particles of smaller range than 30 cm. were ejected, 
they would not be observed. For that reason 
probably chlorine had not appeared to belong to these 
six “active” elements. The new method, which 
he had worked out with Mr. Chadwick, was based 
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upon the assumption that particles were ejected 
in all directions relative to the a-rays, but only very 
few-at about 90 deg. They, therefore, arranged 
their apparatus so that only these particles (at 
90 deg.) were observed, taking care to exclude the 
direct beam and the y-rays ; the long-range particles 
would only disturb the observations when heavy 
scattering materials like gold were used. 

A strong beam of a-rays was directed vertically 
downward to strike the plate or film of material 
at about 45 deg., observations of the scintillations, 
produced on a vertical screen being takén in the 
horizontal direction. By these means they had 
ejected protons also from neon, magnesium, silicon, 
sulphur, chlorine, argon and potassium. The 
number of particles were small (about 4 to sy 
of those from the six “ active” elements) and the 
ranges also small (18 to 30 cms., neon giving 
the shortest range of 15cms.). Metallic beryllium 
(obtained from the National Physical Labora- 
tory*) had given a slight effect, possibly due to 
a contamination with fluorine. The other elements 
of low atomic weight, hydrogen itself, helium, 


lithium, carbon oxygen, gave no effect. Sulphur did ; 
that was noteworthy because sulphur was a pure 
element (devoid of isotopes) and because it had 
an even ordinal number 16, the atomic weight 
being 32= 8 xX 4. Most of the above elements 
had atomic weights of the type (4n + @) where a 
was 2 or 3; that indicated that sulphur did not 
wholly consist of helium nuclei, as the exact weight, 
32:07, also suggested. The nucleus of helium itself, 
consisting of four protons and two electrons, had 
again proved very stable. The heavier elements, 
nickel, copper, zinc, silver, gold, molybdenum, 
uranium, krypton and xenon, had given no effect ; 
iron gave a weak effect, which disappeared on heating 
the iron, which would expel hydrogen. In this and 
other cases the presence of nitrogen was also very 
difficult to avoid, and very troublesome. 

Professor Rutherford finally dwelt upon the 
peculiar differences between elements of even and 
of odd atomic numbers. In Nature the even 
elements predominated strongly; they made up 
86 per cent. of the crust of the earth. Many of the 
even elements had isotopes, very few of the odd had 
them. The former gave many slow particles of 
short range, the odd elements gave few swift par- 
ticles of long range as Fig. 3showed. Were the even 
elements more abundant, because they were more 
symmetrical and more stable, and had they been 
formed under conditions which favoured the satellite 
grouping ? One could only conjecture as to these 
problems. Having indicated possible directions of 
further research Sir Ernest was able to remark in 
concluding that the structure of the nucleus was the 
most fundamental problem of physics, in which 
much more progress had been made than he had 
thought possible ten years ago. 





TRIALS OF THE MOTOR-SHIP DOLIUS. 


In our issue of November 23, 1923,* we gave a des- 
cription of the motor-ship Dolius which has just com- 
pleted a very interesting set of trials on the Clyde, 
extending over a period of four days. This vessel has 
been built by Scott’s Shipbuilding and Engineering 
Co., Limited, of Greenock, and is fitted with Scott- 
Still engines constructed by the same firm. The 
Dolius has been built to the order of Messrs. Alfred Holt 
and Co., of Liverpool, and is the first cargo vessel to 
be fitted with Scott-Still engines of large size; the 
ship and machinery have been constructed in accord- 
ance with the requirements of the British Corporation 
for the Survey and Register of Shipping, and Lloyds’ 
Register of Shipping in addition to the special require- 
ments of the owners. The vessel also complies with 
the latest requirements of the Board of Trade. 

The propelling machinery of the Dolius consists of 
two main engines each having four cylinders, 22 in. 
diam. by 36 in. stroke and aggregating 2,500 h.p. 
At the normal engine speed of about 120 r.p.m., the 
speed of the ship is about 11 knots under service con- 
ditions. The Scott-Still engines are of special interest 
because their conception, design and development are 
entirely native to this country and quite independent 
of Continental practice. In place of the compressed- 
air equipment usual in marine oil engines steam is used 
to effect the starting, reversing and manceuvring of 
the engines. The boiler (or regenerator) can be fired 
with oil in the usual way and steam generated for 
starting the engines; when these are running, the 
boiler acts as a regenerator, and the steam produced 
from the waste heat of combustion assists in driving 
the engines, the oil burners being shut off when the 
ship is under way. The main engines are of the two- 
stroke cycle with port scavenging ; the scavenging air 
is supplied by a turbo-blower coupled to a low-pressure 
turbine driven by the exhaust steam passing from the 
main engines to the condenser; an electric motor is 
coupled to the other side of the blower as a stand-by. 
In the main engines the steam is expanded in two 
stages, one cylinder of the four being the high-pressure 
and the remaining three low-pressure. On the com- 
bustion side the cylinders are jacketed with water in 
direct communication with the regenerator, so that the 
heat passing to the jacket water is utilised in the 
generation of steam instead of being rejected overboard 
as is usual with internal-combustion marine engines. 
The exhaust gases pass to the regenerator, where a 
considerable proportion of their heat is given up to the 
water, and they then pass through a feed-water heater 
to the atmosphere at a final temperature of about 





* See ENGINEERING, Vol. cxvi, pages 639 and 640, Plates 
XXXVII to XXXIX. The figure given for length over- 
all should be 423 ft.; the moulded breadth is 52 ft., 





* See EnGIneErtne, July 20, 1923, page 93. 











Ided depth 32 ft., and the displacement is 11,370 tons 
ony25,ft. 6 in. draft. 
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200 deg. F. In the Dolius the exhaust gases pass first 
through small primary regenerators before proceeding to 
the main regenerators of the Yarrow water-tube type. 
The regenerator and feed-water heater in combination 
form a very effective silencer, in fact, there is very little 
exhaust noise to be heard anywhere on the ship. At 
the forward end of each engine a group of pumps is 
driven by a crank and rocking lever; the group com- 
prises the air pump, feed pump, bilge pump, oil pump, 
forced lubrication pump and other pumps usual to the 
steam marine engine. The main condenser has a 
surface of 1,000 sq. ft., and is designed for 28 in. 
vacuum; a small motor-driven centrifygal circulating 
pump supplies it with cooling water. The small size 
of the pumps and condenser is explained by the fact 
that the power developed on the steam side of the 
engines amounts to only about 15 per cent. of the total. 
The thrust blocks are of the Michell type. 

The auxiliary machinery is electrically driven and 
consists of 12 winches which are of specially robust 
design, and fitted with cut-outs coupled to the brakes 
so that they can be operated safely by deck hands 
having no previous experience of this type of winch. 
There are also a warping winch, an electric capstan 
and steering gear on the Hele-Shaw principle. There 
are one working and one stand-by pump for supplying 
oil under pressure for actuating the steam valves on 
the main engine, and for port use there are a stand-by 
feed pump and a forced-lubrication pump, both steam- 
driven and of the Weir type. There is one motor with 
barring gear for turning over either engine, and an 
accumulator battery is carried for the wireless equip- 
ment and for emergency supply to the usual ship lights. 
The vessel is fitted with an organ-whistle blown by 
steam, an unusual feature on a motor ship. 

The main electric generators are three in number, 
each of 100 kw. at 220 volts, direct-coupled to Diesel 
engines running at 300 r.p.m., made by W. H. Allen 
Sons and Co., Limited, of Bedford; .they are pri- 
marily intended for the supply of current for work- 
ing the electrically-driven deck machinery, for heating 
and for cooking. A small motor-generator supplies 
lighting current at 110 volts. 

Trial runs were made on April 1 by the shipbuilders 
on April 2 and 3 by the Marine Oil Engine Committee 
of the Institutions of Mechanical Engineers and of 
Naval Architects; and further trials were carried out 
on April 4 before a party of distinguished guests, in- 
cluding a number of the leading French engineers, 
representing large shipping and manufacturing interests ; 

_ the weather was fine, and the distance run on each day 
was to Ailsa Craig and back to the tail of the bank, 
or the equivalent. 





Cost or REGISTERED TELEGRAPHIC ADDRESSES IN 
FRANCE.—The monthly bulletin for April issued by the 
British Chamber of Commerce in Paris states that the 
cost of the yearly subscription of a registered telegraphic 
address is 150 francs in Paris, 100 francs in towns of 
80,000 inhabitants and above, and 50 francs in towns of 
less than 80,000 inhabitants ; the half-yearly subscrip- 
tion costs respectively 90, 60 and 30 francs, and the 
monthly subscription 20, 15 and 5 francs respectively. 





THe Grartock-Rreynarp Automatic Couprina.—A 
demonstration of the working of the Gearlovk-Reynard 
Automatic Coupling for railway vehicles was carried 
out at the Lancing works of the Southern Railway on 
the 27th ultimo. The coupling, which is the invention 
of the late Mr. W. G. Boonzaier, and is handled by 
British and Colonial Inventions, Limited, of 118, Queen 
Victoria-stroet, E.C.4, is of the central-buffer type and 
consists of a steel body, roughly U-shaped in plan, 
connected to the draw bar by means of a pin joint so that 
the coupling can swivel laterally when the vehicles are 
travelling round a curve, although it is normally kept 
central by means of a spring. A wide-faced pinion is 
mounted in one arm of the body so that it can rotate about 
a vertical axis, and the position of the pinion is such that 
the teeth project by an amount about equal to their 
depth into the space between the two arms forming the 
U. When two vehicles fitted with the couplings approach 
each other, the arm of one coupling carrying the pinion 
enters into the space between the two arms of the other 
coupling and the teeth of the two pinions engage with 
each other. The pinions are then securely held by 
strong pawls, one end of which engages with one of the 
pinion teeth while the other end bears against the body 
of the eoupling. The pawlh:, of course, prevent the 
pinions from rotating and allow the tractive effort to 
be transmitted from one vehicle to the other through 
the teeth, which are designed to have sufficient strength 
for the purpose. To disconnect the couplings, it is only 
necessary to pull one of the pawls out of engagement with 
the teeth so that the pinion is free to rotate, and this can 
be done from either side of the vehicles without passing 
between them. A hook, or a pin and link connection, is 
provided to enable the automatic coupling to be used 
with ordinary hook and link couplings during the transi- 
tion period. At the demonstration referred to, wagons 
were successfully coupled up on the straight and on a 
curve, and were also uncoupled while stationary and in 
motion. An accessory coupling for automatically con- 
uecting the brake and steam pipes and electrical leads, 
when the couplings are used on coaching stock, was also 
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INDUSTRIAL NOTES. 


Tue unauthorised strike of the building operatives 
employed at the British Empire Exhibition came to a 
close last week-end. Thanks to the protection afforded 
by the police, a number of operatives were able to 
continue working, and the remainder returned to work 
of their own accord. 





The question of the application of Award 728 of 
the Industrial Court to the railway shopmen on the 
Great Northern section of the London and North- 
Eastern Railway formed the subject of a recent public 
inquiry instituted by the Minister of Labour. As we 
pointed out in former issues, the National Union of 
Railwaymen demand the application of the award, 
whilst the Amalgamated Engineering Union states 
that its application is not desired by the men, since 
they were now receiving a wage of 51s. per week, and 
if the award was applied they would receive from 
45s. to 51s. per week. The Federation of Engineering 
and Shipbuilding Trades is also opposed to the appli- 
cation of the award to the railway shopmen. The 
report of the Court will be issued in due course. 





The Mining Association of Great Britain has issued 
the following statement :— 

“The two-monthly wages ascertainment in the 
mining industry has not in all cases been proceeded with 
since the miners terminated the agreement. But from 
returns rendered by the collieries for Association pur- 
poses, it appears that the results of colliery working in 
January and February, the period governing wages pay- 
able in May and June, will show figures which will be 
very advantageous to the men in the Eastern Federated 
Area. The Eastern Federated Area includes York- 
shire, Notts, Derbyshire, Leicestershire, Cannock Chase, 
and Warwick, and the miners in those districts, num- 
bering about 340,000, would receive an addition to 
their present wage rates of not less than 15 per cent. 
on the basis under the terms of the present agreement, 
or not less than 20 per cent. under the terms of the 
owners’ recent offer. Expressed as earnings, this 
increase would represent an average addition of not 
less than 6s. a week under the present terms, or not 
less than 8s. a week if the ballot goes in favour of accept- 
ance of the owners’ offer. 





A meeting of the Manchester and Salford tramway 
workers was held on Sunday, when a unanimous 
resolution was passed to the effect that the Transport 
and General Workers’ Union be asked for permission 
to apply to the Tramways Committees of Manchester 
and Salford for an increase in wages of 8s. per week 
for all sections of the tramway workers. An applica- 
tion is also to be made for an additional advance of 
quarter-time for the night workers in the depots. 





The shipyard engineers—who have been out on 

strike for the last six weeks—not having returned to 
work as requested by the employers, and as advised 
by the unions, pending an investigation of their claims, 
the Shipbuilding Employers’ Federation gave notice 
last Saturday of the national lock-out referred to in 
our preceding issue. The lock-out affects the members 
of sixteen different unions, and involves about 100,000 
men. The number of men who struck work at South- 
ampton is about 6,000. Following the decision of the 
Southampton men to continue their unofficial strike, a 
meeting of the unions was held last Monday, at the 
Ministry of Labour, when it was decided that each 
individual union involved in the dispute should take a 
separate ballot at Southampton on Tuesday of all 
the members concerned, the men being asked to vote 
for or against acceptance of the executive authority 
of their unions, and for or against a resumption of 
work on the terms arrived at. We understand that 
representatives of the Amalgamated Engineering 
Union decided to act separately, and went to South- 
ampton on Tuesday in an endeavour to induce their 
members to resume work. 
At the time of going to press it is reported that 
the result of the ballot taken on Tuesday, whilst not 
showing a majority in favour of resuming work, is 
not such as to justify the continuance of the strike. 
Following the ballot, the executive of the unions con- 
cerned decided to order the members to resume work 
this morning, and in view of this decision the 
employers resolved to postpone the operation of the 
lock-out notices until this evening. 





Speaking of this shipyard difficulty, one of the union 
leaders is reported as having stated that ‘“‘ the execu- 
tives now realise that union authority is being chal- 
lenged by the extremists, who are being influenced 
by Communist tactics, and the issue is one that strikes 
at the root of the whole system of trade unionism, 
and the principle of collective bargaining. It is a 
challenge by a very small minority who are utilising 


‘| mass meeting psychology to prevent men 


who want 
to be loyal to their unions from acting in accordance 
with the recommendation of their leaders. Now that 
the challenge to constitutional authority has been so 
clearly unveiled, the only way in which it can be met 
is for each of the executives to ballot their own members 
who are responsible to them. The drastic action that 
is now being taken shows that the executives realise 
the seriousness of the Communist influence behind 
this strike, and that their entire organisation is at 
stake.” 





The miners’ ballot referred to on page 430 of our 
last issue is not completed at the time of writing, but 
the separate figures so far available show that many 
districts are in favour of accepting the owners’ terms. 





Mr. Thomas Harper, owner of a non-ferrous metal 
foundry in New York, has communicated to us the 
impressions he gathered from a recent visit he paid 
to various foundries in England and Scotland, from 
which we take the following :—In a brass foundry on 
this side, Mr. Harper was told that nine to twelve 
moulds per day of eight hours were made in flasks 
measuring 10 by 12 by 4in. In New York, using the 
standard flask 12-5 by 18 by 5 in. there were obtained 
from 16 to 24 moulds per 8-hour day from the same 
class of patterns as used in the British foundry, this 
being three times the British output. The British union 
tate of wages was 31. 7s. 6d. per week. This, at an ex- 
change rate of 4-50 dol., makes about 15 dol. per week. 
The wages paid to moulders as an average all over the 
United States are 45 dol. per week, and a great many 
American moulders are getting 1 dol. per hour. At the 
average of 45 dol. per week the American moulders were 
getting three times the wages of the British moulders. 
But the latter are doing only one-third the work done 
by the Americans and are being paid for all they do. 
In reply to a query from Mr. Harper, a British foundry 
owner stated :—“ The men will not do more per day. 
The tendency is to do less. The labour unions have 
the power here. The labour leaders and soap-box 
orators know the wages paid in the United States; 
they also know what castings are sold for there and 
here, and that is about the same price in both countries. 
They claim that the British workman is just as skilled 
as the American, and call attention to the hundreds of 
thousands of Scotchmen and Englishmen who go over 
to the States and are able to earn high wages ; they add 
that the employers of Britain are making them work for 
low wages and are, therefore, making unjust profits. 
I (the British foundry owner) thought that employers 
made big profits until I went in business for myself 
thirty-five years ago, and found I was able to make a 
living only ; to-day, outside of my little foundry 
business, I have really not one pound tospare . . .” 
Mr. Harper informed his British colleague that when 
Scotchmen and Englishmen arrived in the United 
States, although they were rated as good moulders, 
they could not put up a day’s work for the first six 
months or a year, and had to knock about from one 
job to another until they got broken in. What was 
true of the moulders was true of men of every other 
trade ; they had to increase their capacity to work. 





A meeting of mechanical engineers, chemists and 
other scientific workers was held in Manchester, on 
March 28, under the auspices of the National Council 
of Technical Staff Associations. In opening the 
proceedings, Mr. C. H. Wordingham referred to the need 
of collective bargaining in industry. The fact that 
engineers had been tardy in appreciating the impor- 
tance of combination was the natural consequence of 
the. engineering profession being more varied than 
any other, and of its having so many avenues of 
approach: whereas there was only one recognised 
method of becoming a doctor, there were several ways 
of becoming an engineer. From the scientific stand- 
point the profession was exceedingly well provided for, 
but the various institutions were purely technical and 
scientific, and were unable to look after the material 
interests of their members ; it was desirable, therefore, 
that there should be an organisation to perform this 
necessary function. The two following resolutions 
were passed: ‘‘ That this meeting approves of the 
efforts of the National Council of Technical Staff 
Associations to organise Technical Staffs in their 
appropriate Associations for the furtherance of their 
economic and professional ‘welfare, and urges all 
technical engineers, chemists and other scientific 
workers to support these efforts.”” ‘‘ That this meeting 
recommends the National Council to approach the 
Councils of the Chief Institutions with a view to 
securing their co-operation and support.” 





Royat IystrroTe or Britis# Arcurrects.—The 
Royal Institute of British Architects have just published 
the R.I.B.A. prizes pamphlet for the year 1924-25. The 
prizes total in value nearly 2,000/. For most of the 
competitions the sending-in date is November 28, next. 
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SPUR AND SPIRAL GEAR HOBBING MACHINE. 


CONSTRUCTED BY THE BROWN AND SHARPE MANUFACTURING COMPANY. 














Fig. 1. 














Fira. 2. 


‘THE spur and spiral gear hobbing machine illustrated | careful design and workmanship always associated 


in Figs. 1 to 11, above and on pages 462 and 463, is 


with the firm’s name. The two views, Figs. 1 and 


manufactured by the Brownand Sharpe Manufacturing | 2, above, show respectively the front and back of 
Co., of Providence, R.I., U.S.A., for whom Messrs. Buck | the machine. Figs. 3 to 11, on pages 462 and 463, show 


and Hickman, Limited, Whitechapel-road, London, E., 
are agents in this country. The machine is known 
as the makers’ No. 44, and bears all the marks of 


details to which we refer at length below. 
The main lines of the machine embody a horizontal 
work spindle, adjustable as regards height, with 
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| support at the outer end for the work arbor. The 


hobbing cutter is carried, underneath the work, on a 
low table which can be fed in either direction along the 
ways of a heavy box section base. The machine is 
compactly designed, and it will be noticed that parts 
of the base and standard are utilised to accommodate 
the change wheels which are thus all kept conveniently 
at hand. 

Owing to the range of work covering spiral gears 
as well as spurs, the principal motions to be provided are 
four in number. In the first place the hobbing cutter 
has to be driven. In the second the hob has to be 
traversed along the bed. Thirdly, the work has to 
be indexed for straight spurs and in the fourth place 
the indexing has to be adapted for spiral cutting. 
Bearing these in mind it will be comparatively easy to 
follow the movements by means of the somewhat 
complicated drawings in Figs. 3 to 7, and 11. As 
these details are all inter-connected and reference will 
have to be made from one to the other, it will be well to 
refer at once to their general functions before entering 
upon a more minute description. Fig. 3 shows the 
main single pulley drive, this being a section across the 
bed of the machine at the left-hand end of Fig. 2. 
Fig. 4 is a section taken at right angles to Fig. 3, down 
the bed, at the same end of the machine. This shows 
the hob table traverse and other features. Figs. 5 and 
6 are at the left-hand end of the machine as it stands in 
Fig. 1, Fig. 5 being a plan and Fig. 6 a sectional elevation 
taken across Fig. 5. These show the indexing drive. 
Fig. 7 is a drawing showing the indexing gear, while the 
drawing, Fig. 11, shows the hobbing cutter drive. 

The main drive is by belt to the pulley, shown in 
Fig. 3. The boss and shaft of this are hollow and 
inside them is arranged the shaft A, to which the pulley 
drive is transmitted by means of the friction clutch, 
shown in section at B. The inner end of this shaft is 
splined and drives a small bevel which is one of a 
reversing train controlled by the dog clutch C. The 
main drive is thus transmitted direct or reversed 
to the shaft D through the change gears on the 
left of Fig. 3, i.e, on the front of the bed at 
the right-hand end of Fig. 1. The shaft D, Figs. 
3 and 4, carries a bevel which meshes with a corres- 
ponding one on the splined shaft E (Fig. 4). This 
shaft runs down the machine from the right-hand to 
the left-hand end, inside the bed. At the left-hand 
end it will be noticed in the detail drawing, Fig. 5. 
This splined shaft carries a bevel which moves along 
it with the hobbing cutter slide, the shaft passing 
through the circular opening below the slide shank, 
shown in Fig 11. The drive from the longitudinal 
shaft is transferred to the hob spindle by means of two 
interlocking bevels surrounding the slide shank, (Fig. 
11) the short shaft F, and through gears to the cutter 
spindle G. The cutter slide is carried on wide shears, 
and is fitted with a turntable so that the axis of the 
cutter may be swung 90 deg. on either side of the 
central position. This allows for a full cutting range 
for either right or left-handed spirals. The circular 
guide for the table will be observed just inside the 
T-slots on the slide casting. The low and compact 
design of the hob slide is a special feature of the 
machine. The slide casting is extended downwards 
in the centre to form a shank or hub of large diameter 
round which the driving bevels revolve. The shank 
is hollow and forms a chute for cuttings from the work 
above to the base of the machine. 

Another feature of the hob drive is the heavy flywheel 
at the driving end of the spindle, intended to steady 
the action of the cutter and to help to eliminate chatter 
which is so frequently noticeable in hobbing machines. 
This is fitted direct to the hob spindle, which is carried 
in bearings independently of the driving gears. The 
wear of these bearings due to the drive is thus practically 
eliminated, the spindle being splined and fitting into a 
splined hole in the large gear supported in a long bearing 
forming part of the slide. The spindle is allowed 14 in. 
endwise movement so that different parts of the hob 
can be used before regrinding has to be resorted to. 
The front bearing of the spindle (the balance wheel 
being at the back of the machine) is removable. This 
facilitates the changing of the cutters, hobs being used 
up to5 in. indiam. End adjustment of the spindle is 
obtained by means of a screw reading off to 0-005 in. 
The turntable is graduated and, by means of a vernier, 
setting can be made to five minutes. Ten changes 
of spindle speed are provided, ranging from 45 to 166 
r.p.m., these being obtained by means of the change 
speed gears, shown in Fig. 3, between the shafts A 
and D. 

We will next proceed to deal with the traverse of the 
hob slide on the bed, referring in this connection first 
to Fig. 4. ‘ The lead screw traversing the slide on the 
ways is shown at H in Figs. 4 and 11. This is inside 
the bed close to the back shear. This shaft can be 
operated by hand, by the hand wheel at the end of the 
bed, when the clutch J is in neutral. The double 
clutch J is used to throw in the quick power traverse, 
transmitted in the forward or reverse direction from the 
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three bevels immediately below, which in turn are 
driven through a further pair from the bevel K, meshing 
with the larger of the’pair on the shaft A, Fig. 3. 
The latter bevel is fixed to the driving pulley and 
revolves with it independently of any action of 
the pulley friction clutch. The clutch J for the power 
traverse is worked by the short lever at the right-hand 
end of the bed, in Fig. 1. The cutting feed for the 
slide is transmitted to the shaft H through a large 
worm wheel and clutch, and worm L, L being driven 
through feed change gears in the box at the front of the 
machine from a shaft at the back of the machine deriving 
its motion from the indexing gear. This transmission 
is not shown in our drawings. The cutting feed only 
operates in one direction, but a train of three bevel 
gears is needed in the drive to permit of right-hand 
or left-hand working. 

The next movement to consider is the plain indexing 
for straight spur gears. Referring to the plan, Fig. 5, 
we have already seen that the shaft E in this drawing 
transmits the main drive to the hob spindle. This shaft 
terminates at its left-hand end in a pinion meshing 
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with an internal gear ring of 60 teeth on the shaft M. 
By means of the differential bevels the spider of which | 
is fixed to M, the shaft N is driven at double the speed. | 
Power is thus transmitted to the indexing change | 
wheels at the end of the case, and from these to the 
vertical spindle O, Figs. 5 and 7, and to the indexing 
gear. The indexing gear is shown in Fig. 7. It is 
contained in the large casing on the work spindle slide, 
which is capable of vertical adjustment on the left- 
hand standard of the machine. The bevels take the 
drive from O, the vertical movement of the slide being 
allowed for by a feather and keyway, and transmit it 
to the horizontal indexing worm in mesh with the large 
indexing wheel P, through the right-hand sleeve and 
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handwheel. The wormshaft and its sleeve bearing is 
carried in a mounting which, by means of the stirrup 
and screw at the right-hand end (Fig. 7) can be lowered 
so that the worm is out of mesh, when the index wheel 
can be turned by hand for truing up the work arbor. 
On the end of the wormshaft at the front of the machine 
is a small handwheel and clutch. After slacking back 
two nuts on this, the work can be turned by hand. 
This wheel is graduated and is of service in recutting 
gears. The wormshaft is fitted with ring oilers. The 
index wheel P is finish-hobbed in place. A double ball 
thrust bearing is provided for the wormshaft, and 
adjustment for taking up any backlash. 

If the machine is to be employed for spiral gears use 
is made of the action of the differential to procure an 
accelerated or decelerated motion as the case may 
require for the indexing mechanism. This is obtained 
by combining with the drive from the shaft E, motion 
derived from the slide traverse lead screw. Referring 
to Fig. 4, to the left of the worm drive for the screw H 
will be seen on the same shaft a spur wheel which drives 
a shaft running down the machine inside the bed 
casting under the back ways. This is indicated at Q, 
Figs. 5 and 11. It terminates at the left-hand end of 
the machine, as shown in F ig. 5, in a bevel which drives 
a light shaft R extending towards the front of the 
machine. This shaft is again shown in the vertical 
cross-section in Fig. 6, and the drive may be followed 
through lead change wheels to the lower shaft S, and 
the worm T. The latter isin mesh with a worm wheel V 
(Fig. 5), fixed to one of the bevel wheels of the differen- 
tial, and the arrangement thus transmits to the indexing 
gear the drive from E with, superposed on this, motion 
derived from Q, forward or otherwise, resulting in an 
acceleration or deceleration according to the change 
gears interposed between R and S. To render this 
gear inoperative all that is necessary is to take off one 
of this train of change gears when the differential 
becomes locked and the worm T is run automatically 
out of the way against the action of a light spring. 
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The lead change gears are easily calculated for any 
particular job by means of a simple formula, and for a 
given pitch and spiral angle the gears remain un- 
changed regardless of the number of teeth or whether 
the spiral is right- or left-handed. The combination 
of the feed with the indexing gear enables any feed 
within the range of the machine to be used without 
affecting the lead or indexing and permits of changing 
the feed while work is in progress. Figs. 8, 9 and 10 
show examples of spiral gears being hobbed. 

The changes of feed of the hob slide are 12 in number, 
in geometrical progression from 0-010 in. to 0-153 in. 
per revolution of the work. The index change gears 
provide for cutting all numbers of teeth from 6 to 50, 
and all numbers from 50 to 180 except prime numbers 
and their multiples. 

The machine will cut, spur or spiral gears up to 18 in. 
in diam., and 10 in. face, and of 3 diametral pitch for 
cast iron or 4 D.P. for steel. The work spindle is 
finished with a No. 16 taper hole and has a 2 in. hole 
through it for holding shafts. It is made to take a 
faceplate or fixture. The work spindle slide is ad- 
justed by a handwheel and the thrust of the elevating 
screw is taken by ball bearings. The handwheel is 
fitted with a graduated dial reading to thousandths of 





aninch. The arbor is supported by a heavy arm stiffly 
braced. Below the work spindle in Figs. 1 and 2 may 
be seen an adjustable abutment to give support at 
the rim to large gears, against the action of the cutter. 
The feed case and differential are flood-lubricated with 
oil from a pump, shown in Fig. 4, driven by the bevel 
K. Hob lubricant is pumped through flexible hose 
(Fig. 2) from a pump at the back of the machine. 





STEEL IN THE RuHR VaLLEY.—Persistent reports that 
there were 4,000,000 tons of finished steel products in the 
Ruhr, which the French were going to release and sell 
in the world’s markets, have considerably alarmed the 
British iron and steel industry, says The Iron Age. 
Investigation has shown that there is in reality 1,800,000 
tons in existence, of which one-third is ~. one-third 
semi-finished products, the remaini third being 
finished products. The scrap, it is explained, will not 
leave the Ruhr, where it is needed by the steelworks. 
The remainder will be absorbed in monthly shipments 
not exceeding the shipments of 1922 for corresponding 
months. As the works in the Ruhr made use of their 
idle time to put everything in good condition, they are 
now in excellent shape and, with all the men reported 
to be going back to work, it is predicted that operations 
will be under full headway in a few months. 

















To THE Epitor oF ENGINEERING. 

Sir,—Referring to Enerxperine for March 28 and 
your Editorial (page 404), and again to your Editorial 
in last week’s issue, page 438, you speak of the “ very 
common belief” and the “old fallacy” that high 
thermal] efficiencies and low coal consumptions are due 
to the existence of good load factors. This belief is 
indeed very general and as a broad statement appears 
to you at any rate to be quite in accordance with fact, 
despite the somewhat debatable explanation to the 
contrary given in the article on page 404 above referred 
to. 


Owing to the higher load factor of the American 
stations, standby losses are considerably less than in 
most of the British stations with the direct result that 
the coal economy e in terms of B.Th.U. per 
kw. hour is as a rule greater in the American stations. 

In Fernald and Orrok’s ‘Engineering of Power 
Plants ’ (McGraw Hill) page 293, Fig. 196, shows the 
relation between load factor and thermal units per 
kw. hour and taking 28 per cent. load factor the 
rrapendns thermal units are 38,000, whereas with 
40 per cent. load factor the thermal units are 24,500. 

In the chapter on “‘ Power Stations ” in Whittakers’ 
Electrical Engineers’ Pocket Book, by Mr. J. Shepherd, 
M.Inst.C.E., examples are quoted of a 50,000 kw. 
station with varying load factor, the estimated effect 
on coal economy being as follows :— 

Load factor 100 per cent. gives 18,000 B.Th.U. per 

kw. hour. 

Load factor 50 per cent. gives 20,000 B.Th.U. per 

kw. hour. 
jload factor 25 per cent. gives 23,000 B.Th.U. per 
kw. hour. 
Although these figures are merely illustrative they 
appear to bear out the argument of Mr. Patchell that 
good load factors make for high thermal efficiencies 
and Colonel O’Brien’s statement that “‘ high load 
factors naturally result in low coal consumption.” 

Your correspondent, Mr. H. H. Burness, has already 
pointed out the defect in your assertions to the contrary, 
based upon consideration of the Parsons’ Line equation, 
which assertion at best seems to be somewhat doubtful. 
However, the matter is so important that a complete 
exposition would be of much interest and value. 

Yours faithfully, 
N. W. G. 

[The figures quoted by our correspondent appear 
to be estimates only. It is significant that the only 
figures given by Colonel O’Brien from actual stations 
show coal consumption of 1-86, 1-95 and 2-4 lb. 
per kw.h., for load factors respectively of 25-3, 31-2 
and 25-2 per cent. These figures certainly do not 
support the statement we criticised, namely, that 
“high load factors will naturally result in a low coal 
consumption.” The statement, moreover, cannot be 
true, if the Parsons line holds, and that it does hold 
within the limits of practical measurement is shown 
by the fact that it is used as the basis of operation in 
— the best-managed stations in the country.— 

“uD. a.) 





OF FROST UPON CIMENT 

FONDU. 

To rae Eprror oF ENGINEERING. 

Sm,—In your issue of March 28 is an article deal- 
ing with ‘‘ The Action of Frost upon Ciment Fondu,” 
and it is stated that “an elevation of temperature 
from the normal tends to retard the actual 
setting time of Ciment Fondu, while a reduction from 
the normal to any temperature down to 32 deg. F. 
does not appear to have any influence on the charac- 
teristic.” 

I have lately been carrying out a few experiments 
with Ciment Fondu, and it may be of interest to note 
that my experience has been the reverse of this. 

The influence of temperature upon the setting 
times, according to my experiments, is shown by the 
following figures :— 


THE ACTION 


Temperature. Initial Set. Final Set. 

About deg. C. Hours. Min. Hours. Min. 
4 3 20 8 15 
15 2 26 5 16 
35 AL sae 2 35 
50 4,.0 1 55 


These results show a distinct increase in the setting 
times at lower temperatures than the normal, and a 
corresponding decrease at higher temperatures. 

Yours truly, 
W. N. Txomas. 

The Engineering Laboratory, Oxford. 

April 2, 1924. ry 





Transvaat Coat Exrorts via LourENcO Marques.— 
H.M. Consul-General at Lourengo Marques reports that 
during 1923, exports of coal from the Transvaal via 
Lourengo Marques amounted to 767,521 short tons, of 





go Marq 
which 480,620 tons and 286,901 tons represented cargo 
and bunker coal respectively. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—Though the outlook is clouded by 
uncertainty arising from numerous demands in the steel 
and allied industries for wage advances, and increased 
roduction costs are threatened on that account, current 
uying of machinery and steel products is on a slightly 
more liberal scale. Transport development schemes at 
horhe and in certain of the export markets, the growing 
activity of British , automobile; engineering, and the 
steady e ion in electrical] requirements, are jointly 
ible for a heavy call upon the South Yorkshire 
output of semi-finished materials of special quality, 
machinery parts and castings. Firms supplying loco- 
motive engineers with axles, tyres, wheels and springs, 
are disposing of a greatly increased production. Special 
steel products are rather more in demand, though 
paucity of export buying, due poly to currency differ- 
ences, militates against substantial revival in this section. 
Home business is also retarded by the continual reappear: 
ance of surplus stocks left over from Government pur- 
chases during the war. French buying of alloy steels 
for local rolling, shows a recovery with the rehabilitation 
of the franc. Pronounced activity is to be found in 
some of the tool trades. The requirements on general 
engineering account tend steadily to increase, while the 
enlarged demands of Colonial buyers necessitate an 
increased output of files, saws and drill steel. Road- 
making tools are on order from Eovinde corporations. 
Business in raw and semi-finished materials is again 
looking up, and though official quotations for pig-iron 
and hematites are un ged, an effort is being made to 
attract rather more remunerative rates. 


South Yorkshire Coal Trade.—Despite widespread 
complaints respecting the cost of industrial fuel, collie- 
ries have no difficulty in maintaining maximum quota- 
tions. The export demand for best steams is lively, 
while railway companies and other home consumers are 
anxious for deliveries to be increased as much as pos- 
sible in order that the augmentation of emergency stocks 
may proceed. Open market sales of slacks, cobbles and 
nuts are greatly restricted owing to bad railway working. 
The demand for housecoal has somewhat eased. Coke 
is firm at unchanged rates. Quotations :—Best hand- 
picked branch, 36s. to 39s.; Barnsley best Silkstone, 
34s. to 36s.; Derbyshire best brights, 3ls, to 36s.; 
Derbyshire best house, 27s. to 29s.; Derbyshire best 
arge nuts, 27s. to 28s.; Derbyshire best small nuts, 
20s. 6d. to 23s.; Yorkshire hards, 27s. to 30s.; Derby- 
shire hards, 258. to 28s. ; rough slacks, 12s. 6d. to 15s. 6d.; 
nutty slacks, 12s. to 14s.; smalls, 8s. to 10s. 





VICKERS AND INTERNATIONAL COMBUSTION ENGINEER- 
inG, Lum1tED.—The directors of the above company gave 
@ complimentary dinner, at the Hotel Cecil, on April 3, 
to welcome Messrs. C. W. E. Clarke, F. H. Rosencrants 
and Col. E. McCullough, three American engineers now 
on a visit to this country in connection with power 
station business. Sir Trevor Dawson, Bart., occupied 
the chair, and the guests, who numbered over a hundred, 
included many men distinguished in engineering work, 
or in other walks of life. In response to the toast of 
“Our Visitoxs,”” proposed by Mr. David Wilson, Mr. C. 
W. E. Clarke gave particulars of the developments of 
power-station practice in the United States, and showed 
a large number of lantern slides, mainly illustrating 
cross-sectional views of large American stations. Mr. F 
H. Rosencrants stated that the production of 1 kw.h. 
for every 20,000 B.Th.U. in the fuel was considered a 
fair performance in America, some of the best stations 
were producing 1 kw.h. for less than 18,000 B.Th.U., 
and a consumption as low as 16,000 kw. was hoped for 
in the future. He could recall 54 turbo-generators of 
15,000 kw. or larger now under construction in the 
States ; of these, 5 were rated at 15,000 kw., 13 at 20,000 
kw., 20 at 30,000 kw., 7 at 35,000 kw., and 9 at 50,000 kw. 
each. These machines were destined for 25 stations, 
which were owned by a few companies only. Modern 
American practice was to use steam from 300 lb. to 400 lb. 
pressure and from 650 deg. F. to 720 deg. F. Three 
stations were using steam at 525-lb. pressure, and one at 
1,200-lb. pressure. It was the standard practice to bleed 
20,000-kw. turbines at three points for feed-water heating. 
Colonel McCullough referred humourously to the diffi- 
culties of the structural engineer, who had to build 
modern stations, with their continued alterations and 
extensions. The architects adopted the ‘“‘ Queen Anne ” 
style of architecture for the fronts, but the “‘ Mary Ann ” 
style was usually to be found at the back. The toast 
of the guests was proposed by Mr. George Usher, and 
replied to by Mr. J. Horace Bowden, the engineer of the 
Stepney Undertaking, and Mr. Frank Hodges, P.C., M.P., 
Civil Lord of the Admiralty. Mr. Hodges looked to the 
use of pulverised coal as a preventative of the waste 
now due to leaving 25 per cent. of the coal hewn in the 

oaf, because it was too small to be saleable, and, there- 
ore, had to be left in the pits. Electrical development 
in this country had been retarded by legislation limiting 
supplies to small parochial areas, instead of encouraging 
development on a eo and efficient scale. Sir Alexander 
Richardson, called on by the chairman to express his 
opinions, humorously reminded Mr. Hodges that coal 
was reminiscent of fossils, and good as pulverised coal 
might be, if some of the human fossils who obstructed 
rogress could be pulverised, it would be enormously 
meficial to the nation. He agreed with Mr. Hodges as 
to the desirability of high wages, but they must be 
earned before they could be paid, and nothing kept 
wages down so much as a short-sighted policy of resisting 
efficient methods of production or the use of labour- 
saving machinery. Mr. Geo 
Electricity omnes of the LCC, and Mr. Ll. B. 
Atkinson also spoke. 


Gill, chairman of the} F 
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PRIL II, 
NOTES FROM CLEVELAND AND’ THE 

1 NORTHERN COUNTIES. 

« MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig. 
iron continues on quite a good scale. Rather consider. 
able sales have been made to France, Belgium, Germany, 
Italy and Scandinavia, and the fact that a fair number 
of inquiries on Continental account are still circulating, 
indicates that customers abroad have not yet fully 
satisfied their needs. Makers have now very little 
iron available for disposal, and merchants are under. 
stood to have disposed of the greater part of their recent 
heavy purchases. There is thus possibility of shortage 
of supply in the near future. No. 1 is firm at 100s. ; 
No. 3 g.m.b. is 95s.; No. 4 foundry, 948.; and No, 4 
forge, 93s., all f.o.b. Tees. 


Hematite.—A decidedly better tone in the East Coast 
hematite branch is very welcome. Makers having booked 
@ fair number of orders, are taking a more cheerful view 
of. the situation. Nos. 1, 2 and 3 are quite 99s.; and 
No. 1 is 6d. to 1s. above mixed Nos. 


Blastfurnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig-iron for the first quarter 
of the year having been certified at 95s. 8-94d. per ton, 
under sliding scale arrangements, North East Coast 
blastfurnacemen’s wages are advanced by half of 1 per 
cent., raising wages from 27} per cent. above the standard 
to 28 per cent. above the standard. 


Blastfurnace Coke.—Durham blastfurnace coke shows 
marked upward tendency, 30s. now being the minimum 
for average qualities delivered to local users. 


Foreign Ore.—In the continued absence of business, 
foreign ore quotations remain nominal on the basis of 
best rubio at 24s. c.i.f. Tees. 


Manufactured Iron and Steel.—Sales of manufactured 
iron and steel are not easily arranged, but in one or 
two departments rather better inquiry is reported, so 
that what slight change can be reported may be said 
to be for the better. Producers, however, are getting 
well through work on hand, and are keen to book orders. 
The following are among the principal market quota- 
tions :—Common iron bars, 12/.; iron rivets, 14l.; 
comes (parallel), 97.; packing (tapered), 12/.; steel 

illets (soft), 91.; steel billets (medium), 10/.; steel 
billets (hard), 101. 58.; steel boiler plates, 131. 10s. ; 
steel ship, bridge and tank plates, 101. 5s. ; steel angles, 
107. ; steel joists, 107. ; heavy steel rails, 9/.; fish plates, 
13/.; and galvanised corrugated sheets, 187. 


Imports of Iron and Steel.—Returns of the Tees Con- 
servancy Commission just issued, give the quantities 
of iron and steel imported to the Tees from Holland, 
Belgium, France, Norway, Sweden, Germany, and 
coastwise for the five months to the end of March last, 
and the figures for the same months a year ago, as well 
as for the corresponding pre-war period of 1913-14. 
For the months recently ended, the pig-iron imported 
totalled 7,738 tons, as compared with 3,055 tons a year 
ago, and 54 tons for the pre-war period; unloadings of 
crude sheets, bars, billets, blooms, and slabs for the 
past five months reached 27,095 tons, as compared with 
25,996 tons a year ago, and 19,970 tons for the pre-war 
period, and plates, bars, angles, rails, sheets, and joists 
unshipped to the end of last month amounted to 6,520 
tons, as compared with 5,766 tons a year ago, and 11,242 
tons for the pre-war period. 





REMOVAL oF Rust By ELEcTROLYTIC PROCESSES.— 
We published an article on this subject, by Captain 
J. P. McLare, in our issue of January 4, page 25 ante. 
We are now informed that the process described in 
the article is the invention of Mr. Quinton Marino, 
care of Messrs. Buriatte and Bowen, 7, Ely Place, E.C. 1, 
and that he was granted Letters Patent No. 131709 
in respect thereof. 





Turrp Census or Propuction.—In accordance with 
Section 9 (1) of the Census of Production Act, 1906, the 
President of the Board of Trade has appointed the 
following gentlemen, together with officials of the Home 

ffice and the Board of Trade, to be a Committee for 
the purpose of advising the Board as to the preparation 
of the forms and instructions necessary for the taking 
of the Census, and the making of any rules under that 
Act :—Mr. T. J. Arnold, Sir Arthur Balfour, Sir Hugh 
Bell, Bart., Prof. A. L. Bowley, Mr. Stephen Easten, 
Sir Henry J. Gibson, Mr Kenneth Lee, Prof. D. H. 
MacGregor, Mr. R. C. Perry, Sir W. Peter Rylands, Mr. 
Arthur Shaw. The Committee will hold its first meeting 
at an early date. The secretary of the Committee is Mr. 
G. A. G. Stanley, Board of Trade, Great George-street, 
London, 8.W.1, to whom all communications should be 

dressed. 





PumPine STATION For CanapA.—H.M. Trade Commis- 
sioner at Toronto reports that the City of Toronto Depart- 
ment of Works is inviting tenders for the supply, delivery 
and erection at the high-level pumping station, Toronto, 
of one 25-million imperial gallon centrifugal pump and 
steam turbine. Tenders were already requested for 
this plant in August last, but the City Council, it is stated, 
decided to reject all tenders received owing to some 
point having been raised as to the duty required of the 
pump in relation to water temperatures. Sealed tenders 
should be sent direct to Toronto by registered post 1p 
time to permit of delivery being made before noon on 
May 13, and should be accompanied by a preliminary 
deposit of 2} per cent. of the amount of the tender. 

urther iculars can be obtained from the Depart- 
ment of Overseas Trade, 35, Old Queen-street, London. 





S.W.1, quoting reference 11943/E.D./F.C.2. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—In the Scottish steel trade there 
has been no change of any kind over the week and the 
outlook has been very drab owing to the labour unrest. 
Buyers are not placing orders beyond their immediate 
requirements and in many cases plant is only being kept 
in motion with great difficulty. All are anxiously waiting 
on peace in the industrial world, and even should the 
shipyard trouble be overcome there is the fear of a 
miners’ strike looming in the distance. Fuel has already 
been advanced, and instead of prices of steel coming down 
everything points in the other direction. Inquiries 
show @ falling-off, and unless conditions improve con- 
siderably a large number of workers are likely to be 
thrown out of employment before verylong. Black sheet 
makers continue to hold their end up exceedingly well 
and the majority have still got fairly well filled order 
books, but at present new business is a trifle scarce. 
Prices all round are unchanged and the current quotations 
are as follow :—Boiler plates, 13/. 10s. per ton; ship 
plates, 10/. 5s. per ton ; sections, 101. per ton ; and sheets, 
127. 10s. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade there is a lull in fresh buying, and it 
is old contracts which are the mainstay at present. The 
same is also the case in the re-rolled steel branches, but 
overall there is a fair amount doing. Prices are without 
change and “crown” bars are quoted at 12/. 10s. per 
ton, delivered at Glasgow stations. 


® Scottish Pig-Iron Trade.—The pig-iron trade of Scot- 
land is feeling very keenly the effect of the dull trade all 
round and the unsettled state of things, but a slightly 
better tone prevails. Home consumers are not in the 
position to buy very heavily and foreign lots are eagerly 
sought after, but are difficult to fix up. In this con- 
nection the matter of price is the stumbling block, as 
buyers are not inclined to give to-day’s price and consider 
that sellers should meet them with lower quotations. 
The latter are, however, faced with higher prices for 
fuel and shading is well nigh impossible. Inquiries are 
better this week and the outlook is encouraging. The 
current prices are :—Hematite, 5/1. 2s. 6d. per ton, 
delivered at the steelworks ; foundry iron No. 1, 5l. 5s. 
per ton; and No. 3, 5l. per ton, both on trucks at 
makers’ yards. 








THe Women’s ENGINEERING Soorety.—The second 
International Conference of Women Engineers was held 
at Dalton Hall, Manchester, from Wednesday, April 2, 
to Saturday, April 5, under the presidency of the Hon. 
Lady Parsons. Papers were contributed by Miss V. 
Holmes, on “‘ Heavy Oil Engines—Present and Future,” 
by Mrs. McBerty, on “ Resistance Welding,” and by 
Mile. Massart on ‘‘ Les alterno Moteurs ”’ and a number 
of works on the Manchester district were visited. 





THE SHONGWENI SCHEME VERNON HoorER Damu.— 
His Majesty’s Senior Trade Commissioner in South 
Africa has notified the Department of Overseas Trade 
that the Water Engineer’s Department of the Durban 
Corporation are inviting tenders in connection with the 
Vernon Hooper dam, for large service valves, pipes, 
water-turbine generating plant, &c. Tenders are to be 
presented by May 2. Further particulars regarding the 
contract may be obtained on application to the Depart- 
ment of Overseas Trade (Room 48), 35, Old Queen-street, 
London, §.W.1. 





Exectric Power PLANT FoR ARGENTINA.—The Com- 
mercial Secretary at Buenos Aires reports that the De- 
partment of State Sanitary Works (Obras Sanitarias 
de la Nacion) are calling for tenders for the supply 
and delivery of the machinery required in connection 
with the water supply works at the town of Santa Rosa 
de Toay (Territory of the Pampa). Tenders will be 
received in Buenos Aires until May 7. United Kingdom 
firms desirous of receiving full particulars of the contract 
should communicate with the Department of Overseas 
Trade, 35, Old Queen-street, S.W. 





Pumpine Puant ror Eaypr.—The Commercial Secre- 
tary at Cairo has notified the Department of Overseas 
Trade that the Egyptian Ministry of the Interior is 
inviting tenders, to be presented by May 31, for the 
supply, delivery and erection of pumps, filters, &c., for 
water installation at Mehalla el Kobra. The plant to 

supplied is as follows:—(a) Electric motors and 
accessories; (6b) pumps and accessories; (c) cables; 
(d) filters, including alum-distributing apparatus; (e) 
switchboards; (f) tools and plant. Further particulars 
relating to this contract can be obtained by interested 
British firms on application to the Department (Room 
50), 35, Old Queen-street, S.W. 1. 





Coat ANnatysis.—Experiments made subsequent to 
the issue of the description of the methods of analysis 
recommended by the Sampling and Analysis of Coal 
Committee of the Fuel Research Board, have shown 
that the particular modification of the Kjeldahl method 
tor the determination of nitrogen, described on pages 7 
and 8 of their interim report (ENGINEERING, November 16, 
1923, page 626), gives perfectly reliable results; there 
1s @ close agreement between the results of this method 
and those obtained by a proved modification of the 
Dumas method. It has also recently been proved that 
copper sulphate is not a suitable substitute for mercury, 
as stated in a footnote on page 7 of the interim report, 
since its use yields, in general, low results. 





NOTES FROM THE SOUTH-WEST. 
47> 4 Carpirr, Wednesday. 
‘The Coal Trade.—The first returns of the South 
Wales miners’ ballot for the acceptance or rejection of 
the owners’ terms for a new agreement, as was expected, 
shows a majority against acceptance. In the anthracite 
districts the majority against was decisive, but in some 
of the steam coal areas big majorities were cast for 
acceptance. Even if there is a majority against accept- 
ance, it does not follow that a strike is inevitable, for the 
miners’ leaders will then approach the Government for 
an inquiry, and if this is nn there is every probability 
that strike action would be deferred pending the result 
of the inquiry. Consumers, however, especially those 
inland, have not taken undue risks, for it is reported that 
of late stocks have been built up to last over a couple of 
months at least, while export shipments, too, have been 
on a heavy scale, though the pressure has slackened off 
during the past week. Collieries, however, are still 
fairly well stemmed and with good supplies of shipping 
in dock are not inclined to modify their prices for ship- 
ment before the Easter holidays, except to buyers in a 
position to give them immediate clearances. For the 
best Admiralty large coal 31s. to 32s. is demanded, with 
Monmouthshires from 29s. to 30s., and best steam smalls 
from 22s. to 23s. For loading after the holidays, however, 
the demand is not too brisk and sellers are inclined to 
take a less optimistic view of the outlook, bearing in 
mind the reserves created in this country and the fact 
that foreign consumers generally are fairly well stocked 
and reaeiving increasing supplies of German and American 
coals. 


Iron and Steel.—The demand for Welsh tinplates has 
not been too brisk and the outlook is regarded with 
uncertainty. For standard boxes of tinplates 248. 6d. to 
24s. 9d. is quoted, and tinplate bars are unchanged at 
8l. 18s. 9d. per ton, less 7s. 6d. rebate to the tinworks in 
the prices stabilisation scheme. Exports of iron and 
steel goods last week amounted to nearly 16,000 tons, 
which closely approximates the weekly average for this 
year. Shipments of tinplates and oe amounted 
to 7,157 tons, against 14,542 tons; blackplates and 
sheets to 3,927 tons, against 4,348 tons ; galvanised sheets 
to 2,666 tons, against 1,870 tons ; and other iron and steel 
goods to 2,148 tons, against 2,957 tons. 





Tue INSTITUTION OF ELEoTRICAL ENGINEERS.—The 
Faraday Medal will be presented to Dr. 8. Z. de Ferranti 
on Thursday, April 24, at 6 p.m., on which date Mr. G. 
Semenza, of Milan, will deliver the Fifteenth Kelvin 
Lecture, and will take as his subject ‘“‘ Kelvin and the 
Economics of the Generation and Distribution of Elec- 
trical Energy.” 





E.ectric Power Piant FoR ARGENTINA.—The Com- 
mercial Secretary at Buenos Aires reports that the 
Department of State Sanitary Works (Obras Sani- 
tarias de la Nacion) are calling for tenders for the 
supply, delivery and erection of the machinery and 
materials required for an electric power station and 
pumping stations to be installed in the town of Perga- 
mino, Province of Buenos Aires. Tenders are due to be 
presented in Buerios Aires by May 28. Firms desirous 
of tendering for British-made plant for this contract 
can obtain further particulars on a Se to the 
Department of Overseas Trade, 35, Old Queen-street, 
London, 8.W.1. 





OxrpaTIon or Cuays IN Firtne.—Research work on 
the effects of the absorption of sulphur gases by ferric 
oxide in clays, when the clayware is being burned in 
the kiln, has been completed the Department of the 
Interior, at the Ceramic Experiment Station of the 
Bureau of Mines, Columbus, Ohio. The changes in the 
nature and amount of sulphur absorbed at different 
temperatures were accurately determined. It was found 
that with increase in tem ture up to 450 . Co. 
about half of the ferric oxide changes to ferric — te, 
a soluble salt that may cause scumming. At hig 
temperatures some of this ferric sulphate and most of 
the remaining iron combine with sulphur in an insoluble 
form. This work is part of a general study of the 
oxidising effects of various impurities present in different 
clays, and coals used for fuel, on the quality of the 
ware. The purpose is to determine what substances 
are responsible for bloating, shrinkage, warping, and 
discoloration. 





Burninc Propitems or InpusTRiaL Krins.—Impor- 
tant fuel economies in the o tion of industrial kilns 
manufacturing brick, tile, and other heavy clay B sage yre 
have been made possible as the result of a stu — the 
burning problems of such kilns, made by the U.S. Depart- 
ment of the Interior in co-operation with four hea’ 
clay products associations. In the course of the investi- 
gation, engineers of the Bureau of Mines, travelling on a 
specially equipped laboratory car, conducted studies 
of actual firing conditions at typical plants producing 
common brick, face brick, paving brick, and hollow 
building tile. The practi demonstrations of the 
Bureau of Mines engi resulted generally in @ con- 
siderable reduction of time of burning, a material lessening 
in the amount of fuel consumed, and improvement in 
the quality of the manufactured product. The results 
of this investigation have been incorporated in a report 
on “The Burning Problems of Industrial Kilns,” pub- 
lished by the four heavy clay products associations, 
composed jointly of the National Paving Brick Manufac- 
turers’ Association, the Common Brick Manufacturers’ 
Association, the American Face Brick Association, and 
the Hollow Building Tile Association. 





NOTICES OF MEETINGS. 





THe Puystcat Soctety or Lonpon. —To-night 
at 5 p.m., at the Imperial College of Science, South 
Kensington, S.W. ‘On the Thermo-electric Properties 
of Bismuth Alloys, with Special Reference to the Effect 
of Fusion. With a Note on Thermo-electric Inversion,”’ 
by C. R. Darling, F.1.C., F.Inst.P., and R. H. Rinaldi. 
(This paper will be accompanied by a demonstration.) 
“Preliminary Measurement of a Primary Gas-grown 
Skin,” by J. J. Manley, M.A. ‘“ Removal of Gas-grown 
Skins from a Sprengel Pump,” by J. J. Manley, M.A. 
A demonstration of sub-harmonics produced by a 
tuning-fork will be given by W. H. Bond, M.Sc. 


Tue InstituTIon or MeEcHanioaL ENGINEERS.— 
To-night at 6 p.m., at Storey’s Gate, S.W.1, General 
Meeting, “‘ The Relation of Air Consumption to Brake 
Horse-Power in Internal Combustion Engines ; Road and 
Flight Tests,” by Mr. H. Moss, D.Se., A.R.C.S., D.1.C. 


THE JUNIOR InstITUTION OF ENGINEERS—To-night at 
7.30 p.m., at 39, Victoria-street, S.W.1. Ordin 
Meeting. Discussion of paper on ‘“‘ Water Tube Boilers,” 
delivered by Mr. L. M. Jockel on March 14. 


Tue Institute or Marine ENGINEERS.—To-night at 
6.30 p.m., at 85-88, The Minories, Tower Hill, E.1. 
Annual general meeting. 


Tse Murine Ivstirvre or Scorzanp.—Saturday, 
April 12, at 3 p.m., at the Royal Technical College, 
George-street, Glasgow. Annual general meeting. Dis- 
cussion on “‘Some Notes on Underground Transport,” 
by Mr. Albert V. Reis. Paper on “ Boring in Frozen 
Strata,” by Mr. Robert L. A. Dron will be read. 


THE InsTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN Scottanp.—Tuesday, April 15, at 7.30 p.m., at 
39, Elmbank-crescent, Glasgow. Discussion on ‘ The 
Economic Powering of Motor Ships and a New Design 
of Oil Engine,” by Mr. Alan E. L. Chorlton, C.B.E. 
“Modern Appliances for the Handling of Coal in the 
Harbour of Rotterdam,” by Prof. F. Westendorp. 
Paper, “The Sliding Cylinder Double-Acting Two- 
Cycle Diesel Engine,” by Mr. J. C. M. Maclagan, will be 


Tue Instirvute or TransPort.—Tuesday, April 15, 
at 5.30 p.m., in the Lecture Theatre of the Institution 
of Electrical Engineers, Victoria Embankment, W.C.2. 
Mr. A. J. Brickwell, C.B.E., will deliver the Seventh 
Lecture for Graduates and Students of the Institute on 
“The Rating of Railways and Docks.” 2 


Tse Institute or Metrats: Bremineuam Loca 
Srction.—Tuesday, April 15, at 7 p.m., in the Chamber 
of Commerce, New-street, Birmingham. Annual general 
meeting. 

Tue Instirurion or Civin ENGINEERS.—Tuesday, 
April 15, at 6 p.m., at Great George-street, S.W.1. Ordin- 
ary Meeting. Papers to be submitted for discussion :— 
“The Barton Power-Station of the Manchester Corpora- 
tion, and the Transmission-System in connection there- 
with,” by Henry Newmarch Allott, M.Inst.C.E., and 
Standen Leonard Pearce, C.B.E., M.Inst.C.E. “ Dal- 
marnock Electricity Works,” by William Burnside, 
Assoc.M.Inst.C.E. Wednesday, April 16, at 6 p.m. 
Students meeting. Paper to be read “ Reinforced Con- 
crete, and its relation to Constructional Work,” by 
William Whitridge Davies, B.Sc. 

Tue Nortu-East Coast InstituTION or ENGINEERS 
AND SHIPBUILDERS: GRADUATE SEcTION.— Wednesday, 
April 16 at 7.15 p.m., in the Lecture Theatre, Neville 
Hall, Newcastle-on-Tyne. ‘‘Some Notes on the Pro- 
duction and Use of Rawhide Gears,” by Mr. W. F. R. 
Bell, 

Tue Rapio Soctety or Great Britain: TRANs- 
MITTER AND ReEtay SgctT1ion.—Wednesday, April 16, 
at 6.30 p.m., at the Institution of Electrical Engineers, 
Victori. Embankment, W.C.2. Discussion on ‘ Power 
Transformer Design.” 





Tue Institution or Exectricat ENGINEERS.—The 
following is part of a new Bye-law of the Institution of 
Electrical Engineers, which was adopted at a ial 
general meeting of the Corporate Members, held on 
February 28, 1924, and was allowed by the Lords of 
His Majesty’s Most Honourable Privy Council on 
March 20, 1924 :—‘* Every member and associate member 
is, and is entitled to describe himself as, a Chartered 
Electrical Engineer, and in using that description after 
his name shall place it after the designation of the class 
in the Institution to which he belongs, stated in accord- 
ance with the following abbreviated forms, namely 
M.LE.E., or A.M.I.E.E., as the case may be.” 





Sout Arrica—Ranp Water Boarp.—H.M. Senior 
Trade Commissioner in South Africa, reports that the 
Rand Water Board, Johannesburg, are inviting tenders 
for the supply, delivery and erection at the Boards’ 
pumping station at Zwartkopjes of five coal elevators 
and ten coal chutes. (Contract No. 253.) Sealed 
tenders accompanied by a certified cheque or cash 
deposit for 5 per cent. of the amount of tender should be 
sent direct to The Secretary, Rand Water Board, 
Johannesburg before noon on Friday, May 9. For tenders 
over 2,000/. the amount of the cheque need not exceed 
1002. Local representation in Africa'is advisable. 
United Kingdom firms desirous of receiving further 
particulars regarding this call for tenders should apply 
to the Department of Overseas Trade, 35, Old Queen- 
street, S.W.1, quoting reference 13429/E.D./E.C.2. 

























466 ENGINEERING. [APRIL IT, 1924. 


MULTIPLE ARCH DAM ON THE GREAT LAKE, TASMANIA, 
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THE COMPARISON OF INTERNAL- 
COMBUSTION ENGINE EFFICIENCIES. 


Since it was shown by-Joule that any given 
quantity of heat is the exact equivalent of a certain 
amount of mechanical work, the designer of heat 
engines has been concerned to know to what extent 
he has succeeded in transforming into work the 
potential heat which is present in the fuel he is using. 
With this knowledge he can compare the efficiency 
of one heat engine with another, and note the pro- 
gress he is making towards perfection of design. The 
absolute thermal efficiency of an engine is a very easy 
thing to determine, for, given the quantity of fuel 
consumed, the calorific value of the fuel and the 
horse-power developed, the calculation is merely 
a matter of simple arithmetic. But nature has 
imposed upon engineers the condition that the whole 
of any quantity of heat cannot be turned into 
work, even by an ideal engine which is frictionless 
and in all ways perfect. A certain proportion only 
can be utilised, the remainder passing away as heat 
at a lower temperature. This necessarily irrecover- 
able heat is of no practical interest to the designer. 
What he wants to know is how much heat can theo- 
retically be turned into work under given conditions 
by a perfect engine, and, knowing this, he has an 
ideal with which to compare the performance of 
his actual engine. The ideal performance can 
never, of course, be realised in practice, but it 
represents a limit which can be indefinitely ap- 
proached as mechanical design becomes more and 
more perfect. 

We know from Carnot’s theorem what proportion 
of the total heat is theoretically available for work 
for any given temperature range, and we have 
thus got a standard of excellence which no engine can 
surpass. Unfortunately there is no practical way 


| of making an engine which will work on the heat 


cycle imagined by Carnot, because this cycle in- 
volves the whole of the heat being supplied to the 
working substance at a constant temperature. 
Other cycles having the same theoretical efficiency 


7| this should be possible. 


are practicable, and are approximated to in steam 
turbine practice by the introduction of progressive 
feed heating. By means of regenerators Carnot 
efficiencies could, from the theoretical standpoint, 
also be obtained with other forms of heat engines ; 
but serious mechanical and other difficulties are 
involved. Hence, as matters stand, any practical 
cycle of operations will necessarily have a lower 
efficiency than the Carnot cycle, however perfect 
the engine m&y be, and it is therefore somewhat 
unfair to take the efficiency of the theoretical Carnot 
engine as the criterion with which the efficiencies of 
engines working on other cycles are to be compared. 
In the case of steam engines, Rankine devised a 
cycle similar to that of the Carnot engine, except 
that heat was received at temperatures constantly 
increasing from the lowest to the bighest of the 
cycle, and showed how the absolute efficiency of 
such a cycle could be calculated. The performance 


7 | of the Rankine ideal engine under any conditions of 


steam pressure has proved an invaluable criterion 
with which to compare the working results of actual 
steam engines and turbines, and the designers of 
internal combustion engines have long felt the need 
of some corresponding ideal engine whose perform- 
ance they could use as a basis for estimating the 
excellence of their designs. 

As long ago as 1903 the Institution of Civil Engi- 
neers appointed a committee to report upon Stan- 
dards of Efficiency for Internal Combustion Engines. 
It was the object of this committee to do for the 
internal combustion engine something like what 
Rankine had done for the steam engine, in so far as 
The steam engine, how- 
ever, works with a simple fluid, the properties of 
which at all working pressures and temperatures are 
known with sufficient accuracy for all practical pur- 
poses. Furthermore, it is easy to determine the 
temperature range in a steam engine, and to choose 
as a standard of comparison an ideal engine working 
with the same temperature range. In the internal 
combustion engine, on the other hand, the working 
fluid is a mixture of gases, the properties of which are 
by no means well known, and the temperature range 
in the cylinder cannot be ascertained with the means 
at the disposal of the ordinary engineer. Hence the 
problem of the Committee was by no means a simple 
one. They decided, as is well known, that the 
efficiency of any ordinary internal combustion engine 
might reasonably be compared with that of an ideal 
engine having the same volumetric compression 
ratio and working with a fluid having a constant 
specific heat, viz., that of air, at about 0 deg. C. 
The efficiency of such an ideal engine can be 
immediately computed with no data other than 
the volumes of the gas before and after compression. 
The efficiency would, moreover, be theoretically the 
same whether the engine worked on the constant 
volume cycle or the constant pressure cycle, and not 
greatly different if a combination of these cycles, as 
in the Diesel engine, were used. 

In many ways, therefore, the ideal air-cycle 
engine furnished an excellent standard with which 
to compare the performance of ordinary engines ; 
but its drawbacks were fully recognised by the Com- 
mittee at the time. They realised that it led to the 
anticipation of efficiencies which would be theoreti- 
cally impossible with a working fluid having a 
variable specific heat, as all actual gases have, and 
that it would therefore have to be revised when our 
knowledge of the physical properties of the cylinder 
gases was on a firmer basis. For some time past 
another Committee, on which all the leading engin- 
eering Institutions are represented, has been recon- 
sidering the subject in the light of the experience 
gained during the last twenty years, and in order 
to obtain the opinion of engineers on the matter at 
issue, the question of a suitable standard engine of 
comparison was made the subject of discussion at a 
meeting, open to members of all the Institutions 
concerned, held at the Institution of Civil Engineers 
on Tuesday last. 

The subject was introduced in a paper by Mr. G. 
James Wells, a member of the committee, who 
especially mentioned that the views he put forward 
must not be taken as representing the opinions of 
the committee. He considered four different ideal 
cycles as approximating to types of practical cycles. 
For each of these he gave a simple expression repre- 





senting the ideal efficiency in terms of the energy 








468 

in“ the working substance. To get a numerical 
value of the efficiency of any ideal cycle, it is neces- 
sary to calculate the energy at certain points of 
the cycle, and to do this a knowledge of the specific 
heat of the working substance is required. This is 
not yet available, so an empirical formula based on 
such experimental data as are on record is all that 
can be used. As Mr. Wells refers to the “‘ apparent 
unanimity ” with which a formula of the form 
a -+- bT +- cT® is chosen to express the specific heat 
of gas, it may he pointed out that this type of 
formula has, under the circumstances, no physical 
significance whatever. The form is merely chosen 
because, with suitable constants it will give a 
straight line or a curve of almost any ordinary kind, 
and it is practically always used by experimenters 
when they are in ignorance as to the form which 
physical considerations would demand. Both Sir 
Dugald Clerk and Mr. Wimperis have put forward 
expressions of a simple linear form to represent 
the variation of specific heat with temperature, 
and we think that designers are satisfied that there 
is no object to be gained by introducing greater 
complexity until actual facts are better known. 

Mr. Wells adopted an expression of the form given 
above with numerical values for the constants 
suggested by Stodola. This can only have been 
obtained by assuming the form of the expression 
and then, from experimental data, computing by 
the method of “east squares’ the best values for 
the constants. The fact that the third constant is 
found by Dr. Stodola to be negative, is sufficient 
proof that the formula is an irrational one, and must 
therefore not be used to determine values beyond 
the range of the experiments. Mr. Wells seemed 
quite willing to abandon the formula if a better one 
could be found, and we think it would be a pity 
if the committee were to lend its authority to a 
complicated expression for specific heat which is not 
based in some way upon the physical phenomena 
associated with rising temperature. 

Tt cannot, we think, be said that the discussion 
gave any clear lead to the committee with regard 
to the feelings of engineers as to an ideal standard 
engine of comparison for internal-combustion 
engines. Mr. Pochobradski pointed out that in 
addition to the working cycles considered by Mr. 
Wells, we might soon have to take into account 
compounded internal-combustion engines, or gas 
turbines or machines formed of a combination of 
both. We should want a different standard for 
each, and the speaker left the impression, although 
he did not-state it explicitly, that the only satis- 
factory way in which to compare heat engines is on 
the basis of absolute thermal efficiency. This is 
extremely easy to compute, and where the condi- 
tions correspond, it holds the balance fairly between 
engines of every possible type. The defect of 
such a basis, is, as we have already mentioned, that 
not even an ideal engine working on any conceiv- 
able cycle could show an efficiency of 100 per cent. 
unless it could exhaust at the absolute zero of 
temperature. 

Mr. Pochobradski very rightly emphasised the 
practical convenience of taking the kilogram- 
molecule (or pound-molecule, if preferred) as the 
unit of gas for purposes of calculation, rather than 
the kilogram or peund, as was usually done. With 
the usual unit, the constant R in the fundamental 
equation PV = RT was different for every gas, 
and similarly the specific heat was different with 
every gas. With the kilogram-molecule as a unit, 
the value of R, was the same whatever the gas being 
considered, and the specific heat of all diatomic 
gases, which are those with which internal-com- 
bustion practice is mostly concerned, may as a 
rough approximation be considered as indentical. 
The error introduced by this approximation can 
never, in practice, be large because of the great 
preponderance of nitrogen which must always be 
present. Hence, the use of the kilogram-molecule 
simplified calculations upon mixed gases very 
materially, and in Mr. Pochobradski’s opinion, 
went far to make the search for an ideal gas super- 
fluous. 

We believe that the usual method adopted by 
designers who wish to study the thermal imperfec- 
tions of their engines with a view to improving 
them, is not to attempt any comparison with some 
ideal common to all engines, but to compare the 
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performance of each with the ideal performance 
of an engine working on the same cycle. This can- 
not be done better than by drawing an ideal tem- 
perature entropy diagram for a kilogram-molecule 
of gas, and superposing upon this the corresponding 
diagram calculated from the actual indicator card 
of the engine. The ratio of the areas of the two 
entropy diagrams is the measure of the perfection 
of the engine from a heat-conversion point of view, 
and the divergencies of the actual from the ideal 
diagram will show very clearly how the losses are 
occurring. 








SECURING TRADE IN CHINA. 


At the present time, when British engineering 
industry is suffering so severely from the lack of a 
sufficient volume of orders, it would be well if some 
of our manufacturers would pay greater attention 
to the Chinese market. The mistakes, whether of 
omission or commission, which so many British 
engineering manufacturers have made in connection 
with this market, have been due mainly to the 
difficulty of getting reliable information and to the 
abundance of misleading information which is 
current, much of the latter being deliberately cir- 
culated by interested parties. 

It is commonly stated that China is very wealthy 
in undeveloped mineral resources, This is a doubt- 
ful piece of information, and while one cannot dog- 
matise about a country of which so comparatively 
little is yet definitely known, it will be a good basis 
to work on what is known and this tends to show 
that China, in proportion to her population, has 
comparatively little mineral wealth. Those with 
an intimate knowledge of trade in China are con- 
vinced that the industrial development will be slow 
and steady, and that any work done now to establish 
a trade connection will continue to produce results 
for very many years. The Chinaman is very con- 
servative and will generally give preference to an 
article which he or one of his friends has used with 
satisfaction, even though the unknown competing 
article may be just as good and be offered at a price 
which makes it actually better value. A buyer, 
who has had practical experience, will frequently 
insist on the very highest grade of, say, a Sheffield 
made tool when he could get a much cheaper 
American article. 

In general, however, it may be said that to secure 
trade in China it is necessary that prices should be 
competitive, but it must not be thought that it is 
always essential to have the lowest price. It is 
frequently the ability to quote prices promptly and 
supply full information, and particularly illustra- 
tions of the machine or apparatus offered, that is the 
deciding factor. An American manufacturer will 
usually back up his sales with good illustrated and 
descriptive literature, giving full particulars and a 
detailed specification, as against a British firm’s too 
frequently poor illustrations unaccompanied by any 
description or specification beyond the salesman’s 
statement that it is British quality. As neither the 
salesman nor the buyer may have any real knowledge 
of the article being sold, British trade is overy often 
severely handicapped by the paucity of the informa- 
tion supplied by the manufacturer and, where in- 
formation is supplied, by the bad arrangement of 
the literature which makes hurried reference almost 
impossible. No salesman, however well trained, 
can be an expert on everything from a shovel to 
a minting plant, or from a match factory to a wire 
nail, yet in China he may have to run the whole 
gamut without notice in the course of a day and at 
the same time pose as a technical adviser to the 
buyer who, as often as not, knows nothing about 
the article which he wishes to buy and relies very 
largely on the advice of the salesman. 

; The first thought that comes to the manufacturer 
contemplating trade with China is, usually, whether 
he can make arrangements with a suitable merchant 
firm established in China to handle his products 
and become his. agent. If a manufacturer can secure 
a really good agent it is unquestionably the cheapest 
though not necessarily the best way of dealing 
with the Chinese market. The difficulty lies in 
finding a good agent, and it can be safely said that 
there are very few good agents, and the good ones 
are not as a rule free to take fresh agencies. It 
might take years of work in China to find a really 
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suitable agent, and then the manufacturer is limited 
to the enquiries received by that agent and to the 
ability and inclination of that one agent to finance 
any business offered. No matter what the standing 
of the London office or agent of the firm may be, it js 
most unwise to enter into an agreement without a 
most thorough investigation of the proposed agent’s 
activities in China, an investigation which, naturally 
enough, is of a delicate and difficult character, 

The effectiveness of an agency depends entirely 
on the ability, and honesty towards the constituent, 
of the personnel actually controlling the local policy 
and detail work in China. It is not an unknown 
thing for a firm of some standing to enter into an 
exclusive agency agreement with a manufacturer 
and, when the managers in China think that their 
constituent’s price may be too high or when they 
think that the buyer will favour another make of 
article, offer Continental, American or even Asiatic 
made products instead of their constituent’s goods. 
Agents of the undesirable type frequently make a 
practice of taking orders for their constituent’s 
products at a price which includes their usual profit 
and other charges, and after the contract has 
been signed with their clients, cabling to their 
constituents that they have a firm offer at a price 
which will involve their constituents in a reduction 
of 5 per cent. or 10 per cent. This reduction, if the 
manufacturer is badly enough in need of the work to 
cut his price, goes to swell the agents profit on the 
transaction. These practices, and others of a like 
nature, coming from anyone in a fiduciary capacity, 
as an exclusive agent is to his constituent, are clearly 
dishonest. There is, however, something in the 
atmosphere of trade in China that makes men of a 
certain class completely unreliable in dealings of 
this nature and, as can be imagined, it is exceedingly 
difficult for any manufacturer to distinguish between 
one and the other when dealing with a country 
situated so far from England. 

The other alternative open to the manufacturer 
is to send out his own representatives to open an 
office in Shanghai, and to deal with any suitable 
merchant firms. The manufacturer must be careful 
not to make the mistake of thinking that he can 
gain an advantage by selling direct to the buyer 
and ignoring the merchant. While it would make 
this article too long to go into the reasons why 
the manufacturer with his own office and staff in 
China cannot do without the merchant as a middle- 
man, it may be stated that the merchant earns 
his 10 per cent. or so when he carries out his part 
of the negotiations and assumes all the financial 
responsibility for the transaction. Manufacturers 
who have their own representatives in Shanghai 
gain many opportunities of quoting which they 
would miss if only represented by an agent, as 
any merchant firm or other buyer can call them up 
on the telephone and get an immediate quotation, 
in most cases, with full details which otherwise 
might take months to obtain from home. Another 
advantage is that business that would otherwise 
be lost can frequently be secured by making 4 
small special concession at the eleventh hour. 
Much business is now going to Continental and 
American manufacturers, which British manu- 
facturers could easily secure were they properly 
represented in China. These manufacturers are I 
many cases being assisted by British merchant 
houses, not because they want to, but because 
these manufacturers are in a position promptly to 
quote them and give them all required assistance. 

The manufacturer in choosing men to represent 
him in China should exercise the very greatest care 
not only from the commercial, technical and health 
point of view, but also as to their suitability 
happily and successfully to carry on their work in 
China. The man who is really unhappy in China, 
and is always wishing he were home—and there 
are many such in China as in other similar 
countries—very frequently lets himself drift into 
one form of unhealthy excess or another, to the 
eventual detriment of his work. The fact that 
a man may feel a wish to see something of the 
world, and may apply for transfer to some 
foreign branch of his company, is no guarantee 
that he is likely to be a success. It will not 
be long before the novelty wears off, and he has 
to settle down to his job and accept his new 
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the different business conditions in China, it is 
preferable that the man sent out as chief repre- 
sentative should have had previous business experi- 
ence in China, but it is better that he should have 
had the greater part of his experience at home. 
The man whose chief experience has been gained 
in China is apt to be out of touch with modern 
practice, and wrapped up in much of the old- 
fashioned and slovenly practice of the East. 

China has one great attraction that no other 
country can offer to the same extent, or at such 
a very moderate cost—and that is, riding and all 
the sports that go with it. The man who will 
live and work most happily in China and who, 
other things being equal, will be the most healthy, 
is the man who is really interested in riding as a 
recreation. The riding man in China gets up 
between five and six in the morning, and gets 
this healthy exercise before breakfast while the 
other type of man is trying, very frequently, to 
make up for sleep lost the night before. The 
riding man who gets up early has, as a rule, little 
interest in anything after 10 p.m., when the social 
life in China begins, and has all the sports connected 
with riding as a@ recompense for his exile from 
home. ; 





THE CONTROL OF LOCOMOTIVE 
WORKING. 


Ir is doubtful whether any general degree of 
uniformity will ever be attained in the future as 
regards the control of locomotive working. The 
time was when this country had the simplest possible 
system, with the management of everything 
connected with the supply, upkeep and working of 
engines under the locomotive superintendent. 
The traffic department used to keep the locomotive 
side informed of the service to be worked and the 
locomotive department provided suitable locomo- 
tives in a fit condition and with men to work 
them. This system, while perfectly defensible 
on many grounds, was never very logical, since the 
remainder of the rolling stock, when it left the shops, 
was turned over to the traffic department and 
worked by them. Consistency might well have 
required that the latter department should either 
have had the whole duty, or have confined itself 
to deciding how the traffic should be moved, and 
seeing it over the road, the mechanical section 
furnishing and actually manipulating the rolling 
stock. It is to be supposed that the latter arrange- 
ment did not develop because while the handling 
and working of coaching and other such stock fell 
within the ability of good non-technical organisation 
in the early days, locomotive working was 
admittedly outside it. The traffic department was 
a development of former transport organisation ; 
the locomotive engineer and his staff were created 
to contend with the complications of later invented 
systems. With us, therefore, the locomotive depart- 
ment not only kept the engines in repair, but 
arranged for their working to the requirements of 
the traffic, and for a long while this system gave 
every satisfaction. 

With the increase in size of the railways and 
additional demands on the mechanical staff, in 
connection with plant installed at docks, warehouses, 
&c., it became more and more difficult for a depart- 
ment under one chief to devote itself effectively to 
both mechanical and running work. In the 
United States development had been along different 
lines. In that country the running of the loco- 
motives early came under what we would term the 
traffic department, and the officials responsible for 
“operation” worked the locomotives how they 
chose. In the course of the general interchange of 
ideas which occurred about 1900 and in the 
following years the merits of these two systems 
Were often discussed, and changes followed which 
have carried our railways some distance from the 
accepted British system of thirty years ago. Both 
the American and the former British plan of 
working have advantages; both it is recognised 
have disadvantages. 

Among the advantages of the American system 
are better control of the engine crews on the trains 
and a sense of freedom to work the machines to 
Capacity while in their charge. The main objection 
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bility of the locomotives being overworked and 
only returned to the shops when they have been 
run beyond possible complete repair. The British 
system tended rather to the preservation of the 
locomotives, but introduced complications of 
control which are considered in many quarters to 
be undesirable. With human nature as it is, it is 
probable that the latter system is rather more con- 
ducive to friction, though in itself there is no reason 
why this should be so. 

No finality has been reached in the discussion, 

though, with the big concerns now common, opinion 
would appear to favour the American method, 
leaving the mechanical engineer more free to devote 
himself, as most men of this calling prefer, to 
mechanical subjects. Further changes have come 
with the grouping of the last year, but it is early 
yet to say whether these are final. Assuming them 
to be subject to modification, Mr. H. A. Watson 
reviewed the position in a paper read before the 
Institute of Transport on Monday last, and put 
forward a compromise which has a good deal to 
recommend it, though naturally, like all other 
compromises, it is not flawless. Mr. Watson pro- 
poses that the operating superintendent should 
work the locomotives on the line just as he controls 
and operates the coaching stock, but that he should 
have nothing to do with repairs effected either at 
the shops or sheds. Work of the latter category 
would come under the chief mechanical engineer. 
This system would necessitate dual responsibility 
on the part of the shed foreman, to the operating 
superintendent for running, and to the chief mecha- 
nical engineer for repairs and upkeep. This, on 
the face of it, is not attractive, but Mr. Watson 
adduces evidence of parallel instances of dual res- 
ponsibility in railways which work satisfactorily. 
In many cases the appliances are provided and kept 
in order by the mechanical department to be used 
by the traffic. It is a little difficult to see how, 
under these conditions, the shed foreman is to 
decide between the wish to keep engines at full work 
and to withdraw them from service sufficiently 
early for them to be efficiently repaired. These 
are necessarily at times conflicting influences, 
and the system seems to throw a good deal of 
responsibility on the shed foreman, who, if he does 
one thing or the other, would run the risk of being 
taken to task by one of the two officials, though 
he may have the support of the second. 
Mr. Watson’s proposed organisation is more simple 
than some, if it is expedient to break away from 
former British practice. Although parallels can 
be advanced in favour of it, it is certainly open to 
objection in some points. One fact in all these 
changes, however, will probably be regretted, and 
that is the severance of the chief mechanical engi- 
neer from close touch with the performance of 
engines upon the road. It would seem to be under 
all the newer arrangements more difficult for the 
mechanical designing staff to watch the behaviour 
of their products and benefit by their performance 
in service. This is a direction in which the older 
system, including a locomotive superintendent, 
had immense advantages. 








STORES ORGANISATION; MAXIMUM 
AND MINIMUM TOOL STOCKS. 


Tux tool store has been chosen as an example of 
stores organisation because the trouble of fluctuating 
demand is there in greater evidence than in the raw 
material section, therefore that which meets the 
more difficult conditions should prove suitable in 
easier circumstances. In all stores organisation 
not operated in a systematic manner, an evil 
exists in the storekeeper’s tendency to overstock in 
order to lessen the chance of being saddled with 
the responsibility of holding up production. 

Upon the installation of a tool store system, the first 
step is to analyse every job and schedule the tools 
required for its completion. The next, to analyse 
the schedules with a view to standardization. At 
this stage the co-operation of the designer must be 
sought to reduce the variety of hole sizes and thread 
standards to a minimum. The next official to 
consult is the jig and fixture draughtsman, so that 
economy in the number of different diameters and 





to this form of working is based upon the proba- 





widths of milling cutters may be effected. He 





should also be asked to discuss with the plant 
engineer the question of equipping all machine tools 
with arbors, taper sockets, &c., to one standard in 





their respective classes. This being done, the sche- 
dule will be considerably reduced and must then be 
passed on to the production engineer. He will 
estimate (1) the maximum quantity of each tool 
likely to be in use at any one time ; (2) the average 
life of each tool; these estimates being based on 
his knowledge of the service to he performed. To 
illustrate the next move, which is the fixing of a 
minimum stock, one item is taken from the schedule. 

“Twist Drills, No, 1 M.T. shank, #-in. diam., 

polished flutes for Al.” 

In use at once — 36. 

Average life — I week. 

The minimum stock is that quantity which it is 
estimated will be used during the period that elapses 
between requisitioning from the purchasing depart- 
ment and receipt of goods. To this should be added 
25 per cent. of that quantity, when the period is 
four weeks or under; one week’s supply when the 
period is over four weeks. 

In the example quoted the tool is delivered to 
the stores a fortnight after requisitioning from the 
purchasing department. Therefore, 72 + 18 = 90 
drills to this specification is the minimum stock. 
To obtain the maximum figure, add the consump- 
tion tor the period covered by the best settlement 
terms—generally monthly. This secures the best 
terms for the firm and also provides that only one 
order is made out for this tool during the period. 
If it is decided in the interests of economy that 
the buyer shall place his stock orders only once a 
week (incidentally this is a real economy since 
postage, clerical labour and overheads on orders and 
the preceding inquiries may cost from 3s, each up- 
wards) then this period must be added to minimum 
stock. Therefore, we get an amended minimum of 
126 and arrive at a maximum of 270. 

Bin cards should then be prepared; a suggested 
form which entails very little clerical labour is out- 
lined below. 
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The minimum is given above the maximum as 
that is the first figure required by the storeman. 
The provision of only one date column keeps 
one line for each transaction, thus tending to 
avoid confusion. The “ Ref.” sub-column under 
“ Received ” takes the packing note or invoice No. ; 
this information is handy in checking back errors. 
To complete the check, the storeman should enter 
the bin No. against each item on the packing note 
or invoice. Issues are not entered up as such, but 
the column headed “‘ Scrapped ” is completed when 
the tools are consigned to the scrap-bin. The 
remaining columns are self-explanatory, for as 
soon as ‘* Balance’’ equals “‘ Minimum ” particulars 
are entered on the requisition sheet, which is for- 
warded to the purchasing department each night. 
This method of arriving at minimum and maximum 
stocks is suitable for all standard products, but 
with “specials” a slightly different procedure is 
advisable. Whereas the cost of standard tools 
varies little, if at all, whether one or a gross is taken, 
this is not the case when the standard is departed 
from ; hence, in this case the quantity which shows 
the greatest saving in cost should be added to 
the minimum to arrive at the maximum. This, of 
course, only applies to “special” tools which are 
“standard ” to the works purchasing them. 

To keep all minimum and maximum figures up 
to date the production engineer should, upon the 
introduction of a new job or the withdrawal of a 
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current one, revise his estimates and advise the |at the piers has been known for a long while, and 


tool stores. From the name given to the stock 
ecards it will be understood that it is suggested that 
these are actually kept in the bins with the tools, 
as this gives a check on accuracy when taking or 
adding items. If considered necessary, a cross- 
index acts as a guide to new employees and assists 
in locating tools not in frequent use. 

When preparing his estimate the production 
engineer will consider the specification of the metals 
to be worked ; therefore, duplication will not take 
place if items appear such as :— 

“ Twist drills, } in. diam., jobbers, shank, H.S.S., 
standard finish.” 

“ Twist drills, { in. diam., jobbers, shank, H.S.S., 
polished flutes.” 

Or, taking another case :— 

“ Slitting saws, 6in. diam. x }in. x 1 in. bore, 
H.S.S., for use on M.S.” 

“Slitting saws, 6in. diam. x } in. X 1 in. bore, 
H.S.S8., for use on copper.” 

In the case of slitting saws and similar tools 
particulars of the number of teeth should be entered 
on the bin cards. 

The principle of each tool being appropriately 
formed to suit the metal it has to work is worthy of 
closer investigation than it receives at present. 
For instance, a tap ground to cut C.I. will show 
@ poor performance on copper, and as the accu- 
mulated charges for operator’s time, broken taps, 
wasted components, and overheads will certainly 
cost more than putting in taps for each class of 
material, it is obvious that it is not economy to 
save the cost of the extra tools required. 

In cases where tool sub-stores are situated in each 
department a pool must be formed. The system 
is then worked as follows :— 

Each sub-stores has a minimum and maximum 
fixed as already suggested, but, instead of requisi- 
tioning from the purchasing department, they at 
once draw from the pool upon reaching minimum. 
The pool storekeeper immediately writes off these 
in the “Scrapped ”’ column, for they have passed 
out of his control, whereas his colleagues in the 
sub-stores carry tools on charge until definitely 
consigned to scrap. The minimum for the pool is 
arrived at by taking the total of the minimums of the 
sub-stores and then taking such proportion as 
experience dictates as being necessary; where 
experience cannot assist, 70 per cent. may be taken 
as a safe figure. The maximum is obtained by 
totalling the differences between the sub-stores 
maximums and minimums. 

The advantages arising from this system will 
now be summed up. The storekeeper is relieved 
of the responsibility of guessing quantities ; instead, 
these are arrived at by the official most competent 
to estimate them with any degree of accuracy. Each 
job upon its introduction to the works naturally 
goes before the production engineer, who is also 
informed when a job is going out of production ; 
it is therefore an easy matter for him to revise the 
minimum figures. The storekeeper can, and should, 
render assistance by calling attention to any case 
where requisitions have to be made at longer or 
shorter intervals than about a month. 





NOTES. 
WaTERLOO BRIDGE. 


On Tuesday last the London County Council 
adopted without a division the proposal to recon- 
struct and widen Waterloo Bridge. As is well 
known this famous masterpiece of John Rennie 
has caused a great aeal of concern for some months 
past owing to the subsidence of one of the piers 
on the Southwark side. Although there may be 
no immediate danger of collapse, it appears that 
the movement would be difficult to arrest without 
reconstruction and the proposal now is, that when 
this work is put in hand the opportunity should 
also be taken to widen the structure. The bridge 
piers are carried by timber piles surmounted by 
a timber raft or grillage. From the report pub- 
lished it would appear that scour has occurred 
round the timber work, which, if the parallel of 
old Southwark Bridge be any guide, is also possibly 
showing signs of decay. The existence of scour 


ENGINEERING 








40 years ago an attempt was made to give pro- 
tection by means of concrete slabs. Temporary 
measures are being taken in the hope that settlement 
may be arrested, but it is not yet known whether 
these will prove successful. In any event, a tempo- 
rary bridge would have to be provided during 
reconstruction, and at Tuesday’s meeting of the 
Council this was agreed to. Mr. Basil Mott and 
Sir Maurice Fitzmaurice both were of opinion that 
the cheapest way to reconstruct the foundations 
was to take the old bridge down and rebuild it. 
The actual width to which it will be rebuilt has 
not yet been fixed, but it is the intention in any 
reconstruction to preserve the present character 
and design in every detail, except in so far as the 
additional width will render necessary a certain 
amount of new granite work inside. The faces 
will be reconstructed exactly as they are now, 
the blocks being carefully numbered when taken 
down so that they may be correctly replaced. 
The cost of the work and the provision of the 
temporary bridge is estimated at 1,000,000/. 


Tue SHIPBUILDING INDUSTRY. 


At the present time when some signs are dis- 
cernible of the anticipated improvement in the 
British shipbuilding industry, the misguided action 
of the Southampton shipyard workers, which is 
likely to result in a serious lockout, seems particularly 
inopportune. Unless the dispute, which has already 
dragged on for several weeks, is rapidly settled, 
there is every prospect of the slightly increased 
activity recorded in Lloyd’s returns for the March 
quarter being completely negatived in the next 
quarter, and thus the much-needed return of the 
industry to a state of reasonable prosperity will 
be still further delayed. The work in the ship- 
builders’ hands at the end of the month was only 
78,000 tons more than the figure for the end of 
December, but the tonnage under suspension has 
been reduced during the quarter, so that work is 
now actually proceeding on about 1,373,000 tons 
as compared with 1,231,000 tons three months 
ago; the difference is thus an improvement of 
about 11} per cent. The tonnage launched during 
the quarter just completed, viz., 361,508 tons, was 
over three times the corresponding figure for the 
December quarter, but a slight decrease has to be 
recorded with respect to work commenced ; this 
amounted to 227,786 tons in the March quarter 
as compared with 244,506 tons in the December 
quarter. On the whole, however, the statistics 
appear to support the view that the depres- 
sion is becoming rather less acute. Foreign 
shipbuilding, on the other hand, has declined 
during the quarter under consideration, and the 
vessels actually building in foreign yards now 
only total about 925,000 tons, a drop of some 
5} per cent. on the figure for December 31. The 
position with regard to suspended work abroad is 
worse now than at the end of the year, this incubus 
having increased from 67,000 tons to 118,000 tons, 
while the tonnage commenced and the tonnage 
launched in the March quarter were both lower 
than in the previous quarter; the current figures 
are 203,820 tons commenced and 188,738 tons 
launched. Of the foreign shipbuilding countries, 
Germany has the largest amount of merchant 
tonnage in hand, the figure for that country being 
287,307 tons. For the other important countries 
the figures, in order of magnitude, are Italy, 
130,743 tons ; United States, 119,767 tons ; France, 
111,610 tons; and Holland, 106,505 tons. It is 
interesting to note that of the merchant vessels in 
hand in the shipyards of the whole world, the 
tonnage to be propelled by internal-combustion 
engines amounts to 27} per cent. of the total. 
In this country, the proportion of motor tonnage 
building is less than the world’s average, being 
about 22 per cent., but that Germany fully appre- 
ciates the economic advantages of the motor vessel 
is clearly indicated by the fact that this class of 
shipping forms well over 50 per cent. of the current 
shipbuilding work in German yards. This circum- 
stance must obviously be borne in mind when 
considering the effect of foreign competition on 
the future of the British shipping industry. In 
conclusion, we should mention that the tonnages 
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quoted above are gross in all cases, and the returns 
from which they have been extracted do not 
include vessels of less than 100 gross tons. 


THE Cost or AEROPLANE PILOTING IN France, 

THE French aviation journal L’Air gives the 
following particulars concerning the earnings of the 
pilots employed by the Franco-Roumanian Aviation 
Company. (a) The pilots receive a fixed salary 
of 1,000 francs per month. (b) They are also paid 
a premium per section covered in flight, the rate of 
which varies according to the length of the section, 
the particular difficulties connected with the section, 
the distance from Paris and the size of the aeroplane. 
For example, the premium is of 100 francs for 
Paris-Strasbourg for a single-engine aeroplane in 
day-time; it amounts to 240 francs for Paris. 
Strasbourg on a triple-engine aeroplane by night; 
the premium is of 160 francs for Belgrade—Bucharest 
for a single-engine aeroplane in day-time and 300 
francs for the same section in an aeroplane propelled 
by more than one engine by night. (c) There is, 
further, an extra premium for length of service, 
based upon the number of hours of flight by the 
pilot since his engagement by the company. The 
extra premium is of 15 per cent. for pilots in the 
sixth class who have flown from 1,100 to 1,200 hours 
and of 25 per vent. for those in the first class who 
have flown from 1,700 to 2,000 hours. (d) Another 
extra premium of 8 per cent. is paid to pilots who 
hold a driver’s diploma and who are, therefore, 
reckoned better able than others to take care of 
the machines. (e) An extra premium of 5 per cent. 
is paid to pilots who hold the “simple navigation 
diploma.” (f) An extra premium of 10 per cent. 
is paid to those who hold the “superior navigation 
diploma.” (g) Those who hold a wireless diploma 
receive an extra premium of 5 per cent. (h) The 
pilots further receive a living-out allowance which 
varies according to the centres where they land, 
to compensate them for the greater cost of living 
at the centres in question. Thesalaries, premiums, 
extra premiums and allowances paid by the com- 
pany during 1923 amounted to 1,054,426 francs, 
equal to 0-83 franc per kilometre flown ( = 1-33 
franc per mile). The rate is found a high one, a 
heavy charge on the cost per ton-mile carried, and 
it is expected that following the improvement in 
the machines, piloting will be facilitated, with the 
result that the men will be able to give a longer 
service in flight, this leading to a decrease in the 
ton-mile cost. The hours of flight in 1923 by the 
pilots of the company amounted to 10,102, which, 
divided by the number of the company’s pilots, 26, 
gives a present annual average of 388 hours per 
pilot. It should be noted in this connection that 
during the winter months there is no service where- 
as in summer some of the pilots have had as many 
as 100 hours of flight per month. The figures indi- 
cating the activity of the company during 1923 
show that a good pilot can earn about 40,000 francs 
per annum, a sum that may appear high, but 
which is justified by the high cost of living outside 
France, the requirements of the service and the 
insurance fees the pilots have to pay. 


Tur CrupE O1rs or BuRMAH AND ASSAM. 


In his paper on “The Crude Oils of Burmah 
and Assam,” read before the Institution of Petro- 
leum Technologists last Tuesday, Mr. W. J. Wilson, 
F.1.C., stated that the natives of Burmah had dug 
oil wells by hand for at least 200 years before the 
formation of the Burmah Oil Company in 1886. 
The three main fields of Yenangyoung, Singu and 
Yenangyat, were all situated in the vicinity of the 
Irawadi River, about 300 miles from Rangoon, 
and gave very similar oils, so rich in solid paraffins 
that the oil set below 70 deg. F. The oil was, 
however, mobile at higher temperatures though it 
contained an appreciable quantity of asphalt ; it 
was brown in colour, green in transmitted light, 
of density 0-835, of pleasant odour and almost 
free of water, of sulphur and also of naphthenic 
bodies; the lubricating fraction was practically 
free from acidic bodies. The 0-0035 per cent. of 
ash showed the presence of various metals, but only 
very minute traces of nickel and no vanadium at 
all, The freedom from nickel and vanadium of 
this oil and the other oils later mentioned by 
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Mr. Wilson is interesting because these two metals in 
particular are believed to act as catalysts in the 
formation of natural oils. Distillation without 
cracking gave about 28 per cent. of gasoline, 35 

r cent. of kerosene and 13 per cent. of lubricants ; 
locally the kerosene was much more in demand 
than gasoline. In the refining process now in use, 
due to Mr. H. L. Allan, the works manager (who was 
resent and gave further particulars), the crude oil 

ed through preheaters (heated by the vapours) 
into eight stills in series, and then into two series 
of 25 boxes which were connected at the tops by 
vertical atmospheric condenser pipes for the pass- 
age of the vapours and by direct pipes for cascading 
the condensates. These refining benches, as well 
as the wax-sweating stoves of Messrs. Allan and 
J. Moore, had proved very efficient; the stoves 
avoided all contact of the wax with the air and dust 
and gave without further preparation a white, 
very uniform wax; the uniformity is an essential 
point for candle makers. In the gasoline the carbon 
hydrogen ratio was 1:2. The natural gas of the 
wells was so far utilised only in the power house. 
In Assam the chief oil fields were at Digboi and 
Badarpur, about 400 miles apart. The Digboi oil 
resembled the Burmah crude, but contained still 
more paraffin and also asphalt. The Badarpur oil 
was altogether extraordinary, and owed its pecu- 
liarities probably to constant association with water. 
It gave an excellent fuel oil of very high density 
(0:88 to 1-05) and pleasant camphor-like smell ; the 
poor lubricating qualities of the heavier distillates 
could not be corrected by chemical treatment ; the 
carbon-hydrogen ratio was quite exceptionally 
high, 1 : 1-47, and was not due to the predominance 
of aromatic hydrocarbons of which the crude oil 
indeed contained only 0-5 per cent. Papers on 
crude oils, as the discussion proved, are very valu- 
able and would still more be appreciated by geologists 
if the oils from different horizons were kept apart. 








Evectric Furnaces.—A paper on “ Electric Fur- 
naces”” was given by Mr. A. Glynne Lobley, M.Sc., 
reader in Electrochemistry at Manchester University, 
before the Birmingham Metallurgical Society, on Thurs- 
day, the 3rd inst. The lecturer said that criticism was 
often made on the grounds of unreliability in the absence 
of unskilled attention, and of high capital and running 
costs. Most modern furnaces, however, were quite 
reliable if not fool-proof, but he agreed that the capital 
cost was often unnecessarily high, even allowing for the 
small demand which at present existed; the running 
costs, on the other hand, were by no means heavy where 
electrical energy could be obtained at a reasonable price. 
Increased furnace loads by improving the load and power 
factors of the supply would tend to reduce the cost of 
electricity. A plea was entered for an extended use of 
the simple and reliable wire-wound furnaces. The 
lecturer gave an account of his personal experience with 
the design and use of metallic resistor furnaces ranging 
from small laboratory types to industrial annealing 
furnaces; these had not only been found to be more 
satisfactory in every way than the fuel furnaces they 
supplanted, but had also been cheaper to erect and to 
operate. Some account was given of the principles 
governing the design of metallic resistor furnaces. 
Details were shown of a method of winding and con- 
necting the heating elements. The lecturer concluded 
with an account of a new non-metallic resistor for tem- 
peratures up to 1,350 deg. C. (2,460 deg. F.) 


PgersonaL.—In order to meet the demands of the 
Irish business, Messrs. Ruston and Hornsby, Limited, 
have opened new offices and show rooms in Dublin, 
at 190, Pearse-street (formerly Great Brunswick-street). 
Telegrams, Rusornby, Dublin ; telephone: Dublin 4055. 
Mr. T. C. Ives, A.M.I.Mech.E., who has been with 
Messrs. Ruston and Hornsby many years, will be resident 
manager.—The British Reinforced Concrete Engineering 
Company, Limited, are removing to more commodious 
premises on the 12th inst.; their new address will be : 
King’s Buildings, Smith-square, Westminster, S.W.1. 
The telephone Nos. being: Roads Department: Victoria 
7833; Constructional Department: Victoria 7866 and 
3218.)—Dr. R. E. Stradling, M.C., M.Sc., Ph.D., Assoc. 
M.Inst.C.E., A.M.Am.Soc.C.E., head of the department 
of civil engineering, architecture and building in the 
Technical College, Bradford, has been appointed Director 
of Research, of the Building Materials and Construction 
Research Board of the Government Department of 
Scientific and Industrial Research, London.—Owing to 
the considerable increase in the volume of business 
Passing through their London Office, Messrs. Ruston 
and Hornsby, Limited, are removing from 46, Queen 
Victoria-street, E.C.4, and on and after the 31st 
‘nst. their London address will be: Imperial House, 
15-17-19, Kingsway, W.C.2. Telephones: Gerrard 
5866 (3 lines). Telegrams: Ruston Westcent London. 
~The Vickers and International Combustion Engi- 
heering, Limited, has removed from 4, Central Buildings, 
Westminster, to Africa House, Kingsway, W.C.2. The 
telegraphic address is Vickomb Westcent, and the tele- 
phone numbers Holborn, 1384 ant 5. 


THE INSTITUTION OF NAVAL 
ARCHITECTS. 


Tue Spring meetings of the Institution of Naval 
Architects were opened on Wednesday morning in 
the Lecture Hall of the Royal United Service 
Institution, Whitehall, when His Grace the Duke 
of Northumberland presided. 

Mr. R. W. Dana, the Secretary of the Institution, 
read the annual report, which was approved by 
the meeting. In it a statement of membership 
was given which showed a net increase of 26 over 
the figures for last year, the total for all grades 
now amounting to 2,914. During the year the 
total number of members elected and transferred 
amounted to 253. There were net increases of 
19 in the class of members and 25 in that of 
associate members, while decreases were noted in 
associates and students, numbering 5 and 13 res- 
pectively. In view of the severe depression in 
shipbuilding these figures must be considered quite 
satisfactory. During the year the Institution lost 
by death three of its most prominent members, 
Sir Thomas Devitt, Bart., Hon. Vice-President ; 
Mr. Leonard Peskett, a Member of Council and 
for many years naval architect to the Cunard 
Steamship Company; and Dr. R. E. Froude, 
F.R.S., who will always be associated with the 
work, initiated by his father, the late Mr. William 
Froude, of testing ship resistances by model experi- 
ments in tanks, much of which work was recorded 
in papers to the Institution. 

The financial statement was satisfactory and 
showed that a donation of 1007. had been made 
by the Institution to the Benevolent Fund. The 
Special Fund for Research Work at the William 
Froude Tank has received 6201. in contributions 
from the shipbuilding firms and registration 
societies, and 1,000/. from the Chamber of Shipping. 
Valuable results have already been obtained from 
the research work, and it was hoped that generous 
support will continue to be given by the ship- 
building firms in order that the work so far done 
may be extended. 


Recognition oF DutcH Navan ARCHITECTS. 


A very successful Summer Meeting was held in 
Holland last September, of which a full report 
was given in ENGINEERING at the time. The 
Institution has shown recognition of the valuable 
services rendered by the Baron van Haersolte, to 
whom a gold medal of the Institution was pre- 
sented, and to Mr. van Hoogstraten and Mr. 
Cankrien, who each received smaller replicas of 
the medal. Recognition was made of the achieve- 
ments of Dr. A. G. Kréller, of The Hague, to whose 
initiative many important shipping and industrial 
developments in Holland were due, by his election 
as an Honorary Member of the Institution.» An- 
nouncement was made in the report that a Summer 
Meeting has been arranged for this year, which 
will be held in London in June, jointly with the 
Institution of Engineers and Shipbuilders in 
Scotland and the North-East Coast Institution of 
Engineers and Shipbuilders. It was anticipated 
that naval architects from France and Holland 
would attend this Summer Meeting and hopes were 
entertained that their numbers would be augmented 
by delegations from other societies abroad. 

Premiums were awarded to Mr. A. M. Schippers, of 
Rotterdam, for his paper on “‘ Dutch River Lighters,”’ 
and to Mr. John Anderson, of Greenock, for a paper 
he read at the last Spring meeting on “ Influence of 
Form upon the Stability and Propulsion of Pas- 
senger Ships.” The Council have had under con- 
sideration a scheme for awarding Certificates in 
Naval Architecture, in association with the Worship- 
ful Company of Shipwrights. This has reached 
an interesting stage in its development, for a deputa- 
tion was received hy the Board of Education, who 
expressed their readiness to consider proposals, 
and a committee has now been formed jointly with 
representatives of the Shipwrights’ Company to 
prepare a suitable scheme. 


Tue Work. or JorInt COMMITTEES. 


In dealing with the work done during the year 
in association with other institutions, the report 





gave an indication of the work already done by the 


Joint Committee on Marine Oil-Engine Trials. 
Short tests have been made on the following types 
of engines: Beardmore-Tosi, at Messrs. Richard- 
son, Westgarth and Co.; Scott-Still, at Messrs. 
Scotts’ Shipbuilding and Engineering Company ; 
Werkspoor, at Messrs. R. and W. Hawthorn, Leslie 
and Co’s., and Doxford, at Messrs. Doxford and Sons’. 
As these tests were conducted on exactly similar 
lines, the relative performance of each type could 
be gauged, and as far as possible the heat losses in 
the cylinders have been separated to render these 
particulars useful to the designers. Test work 
was contemplated on an engine of the Fullagar 
type, the facilities for which have been offered to 
the Committee by Messrs. Palmer’s Shipbuilding 
and Iron Company. An appeal for financial 
assistance to the shipowners and others interested 
had not been made in vain, but additional funds 
were necessary to carry the test work to a successful 
conclusion. 

The Council selected Engineer Vice-Admiral 
Sir George Goodwin K.C.B., and Mr. R. J. Walker, 
C.B.E., to represent the Institution on the Joint 
Committee dealing with Heat Engine and Boiler 
Trials, which has been formed by the leading 
engineering institutions and the Institute of 
Chemistry. The work has been divided up into 
sections relating to :—boilers and steam engines, 
internal-combustion engines, calorific value of 
fuels, methods of measurement and the definitions 
and values applicable to units of measurement. 
Reports are to be submitted for discussion by the 
societies interested. 

The William Froude and Tank Advisory Com- 
mittee called attention to the need for a new set of 
large scale experiments on ship resistance, similar 
to. those conducted with H.M.S. Greyhound, and a 
committee representing the principal experimental 
tanks in the United Kingdom. has been formed to 
prepare a scheme. This committee consists of 
Sir Richard Glazebrook, Messrs. M. P. Payne, 
C. M. Carter, G. S. Baker, W. J. Luke, E. R. Mum- 
ford, T. G. Potts and H. Mundey. 

On the Board of Governors of the Imperial 
College of Science and Technology the Institution 
is now represented by Sir Westcott Abell, K.B.E., 
in place of Sir William E. Smith, C.B., and Engineer 
Vice-Admiral Sir George Goodwin, K.C.B., has 
accepted the representation on the Consultative 
Committee to the Board of Trade in place of Sir 
James McKechnie, who has resigned. Mr. H. G. 
Williams has joined the William Froude Tank 
Advisory Committee to fill the vacancy created 
by the death of Mr. R. E. Froude. 

The scholarships awarded during the year were :— 

Martell, Mr. F. H. Sears; Vickers, Mr. C. J. C. 
Bateson ; Hawthorn, Leslie, Mr. J. Robson; J. S. 
White, Mr. T. Hamilton; and Denny, Mr. Bryce 
Crawford ; while the Earl of Durham Prize was 
awarded to Mr. R. J. Halsey. The Richardson 
Westgarth Marine Engineering Scholarship was 
won by Mr. T. B. Hall, and Mr. E. Smith has been 
awarded an 1851 Exhibition to conduct an investiga- 
tion into the Lay-out of Shipyard Plants. 
The Secretary then read out the names of the 
President, Vice-Presidents and Hon. Treasurer, 
after which he announced the result of the ballot 
for Members of council. The following were 
elected Members of Council :—Professor T. B. Abell, 
Mr. A. J. Campbell, Mr. M. E. Denny, ©.B.E., 
Sir Frederick Henderson, Sir Alexander M.Kennedy, 
Mr. D. B. Morison, Mr. R. L. Scott, Mr. John 
Smith, Sir John E. Thornycroft and Mr. R. J. 
Walker. As Associate Members of Council Sir 
Kenneth Anderson, Bart., K.C.M.G., Sir Alfred 
Booth, Bart., and Vice-Admiral Sir Roger Keyes, 
K.C.B., were elected. 


ADDRESS OF THE PRESIDENT. 


The Duke of Northumberland then delivered 
his address to the members. He commented upon 
the satisfactory situation revealed by the increase 
of membership of the Institution, which in view of 
the present severe depression in shipbuilding, was 
very gratifying. The Institution had, unfortunately, 
to deplore the loss of some of their distinguished 
members, and there were special reasons, from a 
scientific standpoint, for mourning the death of 





Mr. R. E. Froude, of whom he would say that few 
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men had done more for the cause of shipbuilding 
and few had conferred greater distinction upon the 
Institution of Naval Architects; his name would 
always be held in the highest honour by the Institu- 
tion. 

A very successful Summer Meeting was held in 
Holland last year. All who had participated would 
agree that nothing could have been more successful. 
It was not only a success from the standpoint of 
the value and interests of the papers read on the 
occasion, but also by reason of the enjoyment and 
instruction it afforded. The hospitality shown to 
members by their Dutch hosts, and the efforts 
made by the latter to render the visit agreeable 
and entertaining, could not have been surpassed. 
He could only hope that as many as possible of 
their Dutch friends would avail themselves of the 
hospitality of the Institution this year at the forth- 
coming Summer Meeting, to which they had been 
invited. Moreover, the French colleagues of the 
Institution, who had entertained members two years 
ago, had been asked to pay a visit to this country, 
and everything would be done to show them all 
that was worth seeing over here. The visits to 
Holland in 1923, and to France in 1922, had added 
considerably to the prestige of the Institution and 
to its international importance. 

Referring to the shipyard strike, he said, consola- 
tion must be found in the fact that all parties in the 
State and all sections of the community were now 
alive to the disastrous results of these continued 
industrial disputes, and that the best brains of the 
nation were employed in trying to find a solution. 
He could only hope that as a result we might 
look forward to a period of truce, at any rate, from 
these struggles, without a cessation of which it was 
impossible to expect any real revival of trade and 
industry. 

The past year had shown few causes for optimism, 
but there were certain indications that the situation 
was improving. There were two cheering features, 
one of which was the progress being made in settling 
the question of reparations ; the other was in the 
fact that last year the Imperial Conference took 
place, with certain valuable results. Measures were 
proposed for bringing about a closer co-ordination 
and co-operation in trade between the different 
Dominions of the British Empire, and he trusted 
that in these two features might be discerned a 
foundation for the revival of trade on the Continent 
and for the building up of a better system of trade 
within the Empire. 


STRATEGICAL AND TactTicaAL CONSIDERATIONS 
GovEeRNING Warsnuipe Drsien. 


The President then called upon Admiral of the 
Fleet, Sir Doveton Sturdee, Bart., G.C.B., K.C.M.G., 
to read his paper on “Strategical and Tactical 
Considerations governing Warship Design.” This 
paper is reprinted, slightly abridged, on page 475. 

Sir Philip Watts opened the discussion with a 
communication, which was read by Sir William E. 
Smith, in which he expressed general accord with 
almost everything said by the author. He desired 
as one who was engaged for many years in assist- 
ing the Board of Admiralty, as their Director of 
Naval Construction, in designing the units which 
Sir Doveton Sturdee used in the destruction of 
Von Spee’s fleet off the Falkland Islands, to make 
some observations on the future designs for ships 
for His Majesty’s Navy. The War and the Washing- 
ton Treaty had made the task of the naval designer 
much more difficult and in a way which applied 
more to the designers of British warships than to 
those of ships of other navies. The use of sub- 
surface vessels or aircraft, or the two in combina- 
tion, could not replace surface vessels at present, 
whatever might be tke case in the future. 

The superior strength of the British Navy in the 
past century had had much to do with the main- 
tenance of world peace, as well as the preservation 
of the British Empire. This superiority was being 
abandoned as fast as could be. The scrapping of 
large batches of battleships, which had proved 
themselves satisfactory for war purposes, was 
horrible waste. Under the new conditions, we 
would be distinctly weaker than any other of the 
great Powers and might not be able to afford ade- 
quate protection to,the outlying parts of the 
Empire. In dealing with protection from under- 


water attack he did not like the author’s use of 
the word “effective” in, association with the means 
referred to, for as a matter of fact the reduction of 
vulnerability was very small indeed. Again, the 
vulnerability of battle cruisers against plunging 
fire from a distance was doubtless greater than was 
contemplated, but probably it was not expected 
that an attack would be pressed home with these 
light swift ships against a number of heavily 
armed vessels. All the points given by Sir Doveton 
Sturdee in connection with vulnerability were most 
important and demanded close attention. The 
arming of our new vessels in such a way as to 
enable them to fight a retiring action was 1m- 
portant in view of the diminutive Navy we would 
be left with in future. Such matters were not 
thought of in dealing with the design of our ships 
in the past. 

Regarding aircraft carriers the demands were 
made for a good clear deck for flying off and landing. 
In this connection Armstrongs made a proposal when 
the Furious was being converted into an aircraft 
carrier to have a perfectly clear deck for the whole 
length of the ship and telescopic funnels at the 
sides. For some reason it could not be approved. 

He could not agree with the Admiral in regard 
to bulges. The pre-Dreadnought battleships had 
insufficient stability and in most cases capsized 
from the flooding of a single large compartment. 
A number of vessels were lost in this way, due to 
both gunfire and torpedo attack. The Dreadnoughts 
had sufficient stability and subdivision to be 
reasonably safe against the flooding of compartments 
by the explosions of at least two torpedoes in any 
positions. Many of them were damaged by gunfire 
and torpedo attack, and some had compartments 
flooded by gunfire or torpedo attack, but got away 
and were repaired. Actually none were lost through 
flooding of the compartments. In the Royal 
Sovereign class there was unfortunately a return to 
the old methods of giving ships insufficient stability 
for the purpose of making them steadier gun 
platforms. Bulges were added to correct this and 
have been added to two ships, the Royal Sovereign 
and the Royal Oak, since the termination of the 
war. As completed the vessels of the Royal 
Sovereign class had rather more stability than they 
would have had if given sufficient beam originally. 

There was no material advantage in giving bulges 
toanewship. This constituted a return to “ tumble 
home,” which was given to wooden ships for struc- 
tural purposes, and was continued by the French 
for some time after wooden ships had been replaced 
by iron ones. In some cases there was not much 
harm in it, but it was both ugly and inconvenient. 
The monitors were made very bad sea boats by 
their application. It was understood that the new 
battleships would not be fitted with bulges. What 
was essential was that sufficient stability should be 
given to a vessel that it would remain upright as 
long as possible, while additional compartments were 
flooded, as far as that was consistent with other 
requirements ; all possible protection against injury 
should be provided, but the time came when the 
protection would fail and only the reserve of 
stability could save the vessel. 

There were many ways of making a ship into 
a steady gun platform without reducing stability to 
a dangerous degree. Bilge keels were commonly 
used. Anti-rolling tanks were fitted in the old 
Inflexible and on several later vessels. | Gyroscopes 
had been used and were now proposed by Professor 
Schilevsky in a very practical form. 

Admiral Clifton Brown said the paper embodied 
the views of all naval officers to-day. He then 
emphasised the necessity for steadiness of the gun 
platform. He trusted to bulges as a protection 
against underwater attack. Cruisers of 10,000 tons 
were very vulnerable and needed destroyers to look 
after them. What was wanted was a number of 
small cruisers, for the protection of overseas trade, 
which need not be heavily armed. In future, 
battleships would carry their own aircraft, as little 
space was necessary for leaving or landing. An 
aircraft carrier was very vulnerable, and was a 
drag on the fleet it worked with. The submarine 
could not completely change the outlook on naval 
warfare. 

Mr. W. J. Berry, C.B., the present Director of 








Naval Construction, stated that although they had 


had papers by naval officers of high rank in the 
past, this was the first occasion on which an Admiral 
who had actually taken British warships through a 
victorious battle had given his reflections to the 
Institution. The extreme ranges at which gun. 
fire was effective in the War and the development 
of bomb-dropping from aeroplanes had modified 
their views on the subject of deck protection, while 
the progress made in torpedoes and the dangers due 
to near misses from heavy bombs had necessitated 
a reconsideration of the underwater protection of 
ships. In the future, British ships of all classes 
must be made suitable for action on the ocean and 
possibly far from their base. The experience of 
the War had been the subject of close, continuous 
study by the Naval Staff and the technical depart. 
ments. A great amount of research work had been 
done and full-sized experiments conducted. The 
difficulty with research work was that the technical 
staff at the Admiralty was fully engaged on current 
work, and time for thought of new developments 
was very difficult to obtain. 

The gun was the only weapon of precision on 
account of its high velocity and the possibility of 
accurate control. It was believed that armour 
and deck protection had now been provided, which 
would effectually protect the vitals of the ship when 
fighting took place at the ranges which became 
usual in the last War. Full-sized experiments 
had established this belief. Deck protection which 
was effective against shell attack would prove 
effective against bombs. The question of anti-flash 
arrangements for magazines was studied during 
the War and the provision made was enormously 
improved. Safety arrangements of this nature on 
too elaborate a scale might prove restrictive on the 
rapid procuring of supplies of ammunition. Vulner- 
ability to poison gases had been studied closely, and 
the results of experimental work were already 
promising. The air requirements of internal 
combustion engines were as great as those of 
boilers. 

In dealing with cruisers, Sir Doveton had not 
referred to the Hood, which was well protected and 
had effective bulge protection, or to the Repulse or 
Renown. The Repulse had been bulged and the 
armour protection improved, and similar alterations 
were in progress on the Renown. All the require- 
ments laid down by Sir Doveton Sturdee for a 
British cruiser had been satisfactorily met in the 
vessels recently designed, with the exception that it 
was not so far possible to provide arrangements for 
Jaunching aeroplanes. 

Sir George Thurston said he agreed with Sir Philip 
Watts that too much faith had been placed in 
bulges as a means of protection. An increase in 
power of torpedoes would end the whole of the 
protection. Bulges had an effect on the speed and 
power of a vessel, and this was to be considered in 
relationship to the protection afforded by them. 
When the Admiral spoke of new types of under- 
water cruisers, he wondered what he had in mind. 
Whenever large sizes are dealt with, it must be 
remembcred that they must go into shallow water, 
as well as out into the ocean, and that might lead 
to disasters. The most expensive way of pro- 
tecting a ship was in deck protection. 

Engineer-Captain Onyon commented on the 
absence of any reference in the paper to machinery. 
No defects were specified. Was it to be taken as 
a compliment to the engineers ? In Lord Jellicoe’s 
book there was reference to trouble with condenser 
tubes. Such trifling matters as tubes and injured 
feed-water tanks had caused serious troubles. 
Materials were now available which were immune 
from corrosion, and their introduction seemed 
imperative, even though they were expensive. 
Another matter that caused trouble was the pres- 
ence of salt in the boilers. Something had to be 
got which would make possible the effective opera- 
tion of a boiler, even though sea water was intro- 
duced into it, and it seemed to be the case that it 
was now available. In his paper, Sir Doveton 
Sturdee had referred to the possibly lessened danger 
from poisonous gases if internal-combustion engines 
were installed. [The reference is to a statement 
which was deleted in the course . enters & 

r for reprinting in this issue.] It was, however, 
the fact that pana i was required for an internal- 
combustion engine than for a boiler to give equal 
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power. It did not seem possible to design a ship 
which was protected from mines. The Audacious 
sank, but the reason was obscure, the Admiralty 
having made every provision to ensure that she 
could not be sunk. 

Mr. Narbeth, commenting on what had been said 
by Engineer-Captain Onyon, said the public had 
never appreciated how much they owed to the 
excellence of- the machinery in warships. 

When the seas were policed by the British Navy, 
the domination was never used for a wrong purpose. 
The suggestion had only been made by our enemies 
and those at home, who loved every country but 
their own. When, as in the Alabama case, the 
suggestion was made that Britain was in the wrong, 
she offered to leave the matter to the decision of 
arbitrators. Regarding flashes, it was said that the 
Seydlitz had been hit and two of her magazines 
flashed, but the vessel was able to remain floated. 
When contrasted with the experience with the Lion 
it was obvious that the explosions were of very 
different characteristics. This might be due to the 
stability of the explosives. Britain did not force the 
pace in regard to submarines. Only when America 
had got two successful types did she start to investi- 
gate their possibilities. A war staff, under the 
Director of Naval Construction, was necessary to 
carry out research. 

Admiral Sir Doveton Sturdee, in reply. said he 
had given them only one naval officer’s views. In 
answer to Sir Philip Watts, he said the Navy were 
largely to blame in many matters relating to gun- 
nery. Competitive shooting at short range was of 
little utility. The men must be trained in gun firing 
at all ranges and under all conditions of visibility and 
weather. Protection by bulges need not be ugly, 
as it may be given in the form of the ship. Admiral 
Clifton Brown objected to making all new cruisers 
of 10,000-tons, but he thought that only when suffi- 
cient of the maximum size were available, should 
smaller ones be constructed. The large vessels 
were necessary for trade protection, and it was best 
to obtain them first. Mr. Berry had called attention 
to research work, and he agreed with what had been 
said. It seemed strange that a wise Government 
could not see that research work was a good invest- 
ment. The nation would have saved much, if more 
research work had been done before the war. He 
looked upon the Hood as a battleship, but was glad 
that protection was fitted to her and the Renown 
and Repulse. Engineer-Captain Onyon had only done 
right in calling attention to the magnificent things 
done in the War by the engineers. In regard to 
feed tanks, much danger could be avoided by placing 
them and other items of plant in such positions 
that they were not subject to blows when the 
armour plate was struck. Mr. Narbeth had done 
well in putting stress on the influence of the Navy 
in preserving peace. 

The Duke of Northumberland congratulated 
Sir Doveton Sturdee on his excellent paper and 
then adjourned the meeting. 

THe ANNUAL DINNER. 

The Annual Dinner of the Institution was held 
on Wednesday evening, in the Connaught Rooms, 
Great Queen-street when the Duke of Northum- 
berland presided over a large and distinguished 
company, representative of the Naval and Air 
Forces, the Mercantile Marine, and the Shipbuild- 
ing and Engineering Industries. In reply to the 
toast of “‘ The Naval and Air Forces of the Empire,” 
proposed by the President, speeches were made by 
Viscount Chelmsford, First Lord of the Admiralty, 
and Lord Thomson, Secretary of State for Air. 
Sir Henry Newbolt, the official Naval Historian, 
submitted the toast of “The Mercantile Marine,” 
which was responded to jby Mr. J. Herbert Scrutton. 
An able speech was made by His Excellency the 
Netherlands Minister, Jonkheer Dr. R. de Marees 
von Swinderen, in proposing “‘ The Institution of 
Naval Architects” to which the Duke of Northum- 
berland replied. 

(To be continued.) 











PERSIA AND THE METRIC SysteM.—H.M. Representa- 
tive at Teheran states that, according to a report in the 
Persian Press, the Council of Ministers has approved a 
Bill, proposed by the Ministry of Public Works, for the 
uniform adoption of the metric systems of weights and 
measures throughout the country. 
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THE MOFFAT TUNNEL, COLORADO. 


Work was commenced last year on what, on 
completion, will be the longest railway tunnel in 
the United States. This undertaking is situated in 
Colorado, and is being constructed under unusual 
circumstances, the State of Colorado having itself 
financed the work by the issue of bonds, and appointed 
a commission to carry the enterprise through. The 
tunnel will connect two points on the Denver and 
Salt Lake Railroad, and will pierce the Continental 
Divide over which this line at present passes at an 
elevation of 11,660 ft. above sea level. A length of 
tunnel of 6-09 miles will be substituted for a distance 
by the present alignment over the pass, of 23 miles, 
to say nothing of a saving in elevation of 2,400 ft. 

Some account of the scheme is given in a recent 
issue of our contemporary, the Railway Review, in 
which it is stated that no less than 41 per cent. of 
the operating expenses of this railway, commonly 
known as the Moffat road, go in fighting snow 
blockades in the winter months, the bulk of this 
being connected with work in the neighbourhood 
of Corona, the highest point on the road. The 
tunnel will have a peak in the centre, in order to 
ensure drainage. On the eastern side the gradient in 
the tunnel will be 0-3 per cent., and on the western 
side 0-9 per cent. The approaches on either side will 
be on grades not exceeding 2 per cent. The grade 
of the existing line is 4 per cent., so that even with 
four powerful Mallet. engines the train loads do not 
exceed 22 cars, or a total weight of about 1,200 tons. 
It is expected that when the 4 per cent. grades have 
been eliminated one consolidation will take a train 
of equal weight over the section in half the time now 
occupied. Trains will be worked through the tunnel 
by electric traction, though the steam locomotive will 
not be detached. The tunnel section will be 16 ft. by 
24 ft. in height, timber lined, except at the portals, 
where concrete will be employed. 

The work is planned for completion in 1926, and 
will make accessible a country about as big as France, 
with which hitherto communication has been of a 
very restricted character. It will put the whole of 
the products of the upper Colorado River basin into 
touch with the Mississippi Valley, and is therefore 
expected to lead to great developments on account 
of the immense definitely known resources of the 
country which will be tapped. The mineral wealth 
of the region includes enormous reserves of coal, in 
addition to gold, silver, lead, copper and zinc, not to 
mention oil shales, forest lands, and so on. The 
Moffat road is not one of old standing, having been 
commenced only in 1902. After many vicissitudes 
it was completed about two years after the death of 
the projector, Daniel H. Moffat, from whom the road 
takes its popular name. The line is 245 miles in 
length and leaves Denver to the north-west. Over 
the Divide the line had to face many difficulties, 
involving costly construction. The tunnel is expected 
to run throughout through granite or rocks of granitic 
character. The contract has been let for 5,250,000 dols. 
and work is said to be progressing at the rate of 30 ft. 
per day. Penalties and bonus are provided for in 
the contract, and any saving on the price and recog- 
nised profit of 140,000 dols. will be equally divided 
between the contractors and the commission. The 
contract terms included very elaborate details 
regarding the provision of accommodation, &c., for 
the men. 








THe Nationat AssocraTION oF Master HEATING 
AND Domestic ENnaIneEerS.—This Association com- 
memorated its coming of age this year by a dinner held 
at the Hotel Victoria, Northumberland Avenue, London, 
on March 24, under the Chairmanship of the President, 
Mr. Ernest S. Beal, M.I.Mech. E. The company included 
the Lord Mayor, Sir Louis A. Newton, Bart., and the 
Sheriffs of the City of London,; Sir John Dewrance, 
Past President of the Institution of Mechanical 
Engineers, and other distinguished guests. The annual 
general meeting took place on March 26, and favourable 
reports of the work and progress of the Association and 
its branches throughout the country were submitted. 
Mr. Ernest 8S. Beal was re-elected president for the 
third year in succession. 

Tue INSTITUTION OF MrntnG AND METALLURGY.—The 
annual dinner of the Institution of Mining and Metal- 
lurgy was held in the Hotel Victoria, on Thursday, 
April 3, when Mr. R. Gilman Brown presided. In pro- 
posing the toast of ‘‘ The Institution,’ Sir Thomas H. 
Holland observed that we concerned ourselves greatly 
over our resources in coal and iron, but not with the 
non-ferrous metals. Two Royal Commissions had been 
appointed to deal with the question of coal supplies, 
but the country had not yet troubled in the slightest 
degree to consider the question of our supplies of lead, 
copper or zinc. Of these three metals the British 
Empire did not produce enough, even for the peace time 
requirements of Britain alone. An appeal for equal 
recognition of merit in scientific. work throughout the 
Empire was made ‘by Sir Joseph Cook, High Commis- 
sioner for Australia, when proposing the toast of “ The 
Mineral and Metal Industries.” 





ATS 


THE LATE MR. A. F. PHILLIPS. 


THE death is announced of Mr. Arthur Frederick 
Phillips, M.Tnst.C.E., who was prominently associated 
with the design of gas and water undertakings in this 
country and abroad. Born in 1842, Mr. Phillips was 
81 years old at the time of his death, which occurred 
on Monday, March 31, at his home, 176 Ashley-gardens, 
Westminster. 

He was the son of Mr. William Phillips, the engineer 
and manager of the Luton Gas Company, and received 
his early training with his father. Mr. Phillips sub- 
sequently became engineer to the St. Albans Gas 
Company, and a short time afterwards he undertook, 
in addition, the management of the local waterworks. 
In 1876, he acted as adviser in the purchase of the gas 
works of Prato, Italy, which was acquired by a company 
which he formed, called The Tuscan Gas Company, 
Limited. This concern absorbed several other Italian 
gas works, and at present still controls twelve of them, 
the others having been sold to the Communes. Mr. 
Phillips was also concerned in the construction and 
management of two gas works in Spain and a gas and 
waterworks at Portugal. In 1905, he was appointed 
Director of the Continental Union Gas Company, and 
subsequently engineer to the Compagnie L’Union des 
Gaz of Paris. He constructed new gas works at Genoa 
and Milan and he was consulting engineer to the Santos 
Gas and Waterworks in Brazil. Mr. Phillips was elected 
an Associate of the Institution of Civil Engineers in 
1873 and a Member in 1883. He was a Member of 
Council of the Society of Engineers for many years. 








NOTES ON NEW BOOKS. 


Man probably began to work when he began to till 
the ground for the purpose of producing the food he 
required. The present great need in agriculture is to 
lower the cost of production so that the food produced 
may be within the means of the wage-earner engaged 
on other work. The chief items in the cost of farm 
produce is labour, and this cost can be reduced either 
by cutting down the wages, which is not practicable 
or profitable at the present time, and by improving 
the efficiency of the production by means of machinery. 
The average farmer is not over-fond of machinery ; 
thus we find in agriculture, as in the oldest art, spinning 
and weaving, almost primitive methods still in use 
by the side of the most modern machinery. To assist 
the progressive farmer in making himself acquainted 
with the mechanical expedients engineers have placed 
at his disposal, Mr. J. R. Bond, M.Sc., has compiled 
his Farm Implements and Machinery (London: Benn 
Brothers, price 35s. net), a volume of 282 pages with 
nearly as many illustrations. Farm machinery is not 
identical with agricultural machinery. The latter term 
would comprise, in its broad sense, all the appliances 
which the transport and distribution of food requires— 
perhaps the most important economic problem of our 
day. Mr. Bond takes the produce only to the barn, 
and he has quite enough to do in dealing with tillage, 
ploughing, cultivators, rollers, sowing, harvesting, 
threshing, and also sheep-shearing. Mechanical culti- 
vators and ‘tractors are noticed, but electric machinery 
and the advantages to be gained by co-operative 
farm working are not discussed ; those problems should 
be subjects for another volume. Mr, Bond is agri- 
cultural organiser to the Derbyshire County Council. 
Sir E. John Russell, director of the Rothamsted 
experimental station, has written a preface to the 
volume. 


There can be no better testimonial to the value of a 
technical treatise than the repeated call for new editions. 
This has been markedly the case with ‘‘ The Marine 
Steam Engine,” which was originally written by the 
late Richard Sennett, and since his death has been 
continuously revised and brought up to date by Sir 
Henry Oram, F.R.S., late Engineer-in-Chief of the Fleet. 
The eighth edition of this work was reviewed at length, 
in our issue of July 12, 1907, and as the work has been 
in no sense recast, it will only be necessary here to refer 
to certain of the changes and additions which have 
been made. Of these the most important is the section 
on the internal combustion engine. In this, amongst 
much other valuable matter, will be found a very fair 
statement of the relative advantages and disadvantages 
of this type of motor as applied to ship propulsion. 
Another new section is devoted to the geared turbine, 
but the detailed description of directly coupled tur- 
bines which appeared in former editions is retained. 
The advantages of the gear drive are no doubt less 
in the Navy than in the mercantile marine, where speeds 
rule slower, but it is nevertheless remarkable to note 
the relatively small improvement in the machinery 
weights, which is exemplified by the following quota- 
tion: “For recnet torpedo-boat destroyers 67°5 
shaft horse-power per ton is obtained with the direct 
drive, and 69 tons (shaft horse-power per ton ?) with 
the geared, the steam conditions being the same.” The 
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gain appears in these instances to have been surpris- 
ingly small. Very considerable space is given to the 
discussion of boiler-room matters. Both the ordinary 
marine type and the water-tube boiler are described in 
detail, together with their mountings and accessories, 
including those involved in the use of forced draught. 
The use of petroleum as a fuel is the subject of a special 
chapter, and it is stated that oil is now nearly as readily 
obtainable as coal in all parts of the world, a circum- 
stance which should give food for thought to the 
pitmen of South Wales. An extremely valuable 
feature of the treatise is the large. space devoted to 
the care and management of boilers and machinery. 
The observations on this head will undoubtedly prove 
of very great service'to the young sea-going engineer, 
The volume is published by Messrs. Longmans, Green 
and Co. at 26s. net. 





Reviewing the state of photo-telegraphy in 1911, 
Professor A. Korn, of Miinchen, one of the most 
successful original workers in this field, had expressed 
the opinion that television could not be obtained with 
the apparatus then available. Quoting this statement 
in his volume on ‘‘ Das elektrische Fernsehen und das 
Telehor,’’ Mr. Dionys von Mihdély, of Budapest, asks 
the reader to believe that television is no longer a 
problem, and that only constructive difficulties re- 
main, which the unfortunate state of his country, and 
want of funds, have so far prevented him from over- 
coming. This admission is hardly encouraging to the 
reader; but the book (Berlin: M. Krayn; price 6s.) 
is very instructive. Mihdly seems to have tried every 
device ever proposed in this connection and to have 
introduced several notable improvements. By tele- 
vision—as distinct from photo-telegraphy—the author 
means that he starts, not from a photograph, but directly 
from the picture as it appears in the camera, which 
he transmits at such a rate that the picture is not 
gradually built up again at the receiving end, but 
stands out complete almost in an instant. As usual, 
he cuts the picture up into horizontal and vertical 
strips, i.¢., dots, and he does this in his “ telehor”’ by 
means of oscillographs, which operate so rapidly 
that fairly-large pictures can be dealt with. His 
relay for the lime-light source at the receiving end is 
also an oscillograph. But he relies on selenium, and we 
are afraid that his selenium cells and his synchroniser 
may prove troublesome, when the work is resumed 
on a more practical scale. The complication of his elec- 
tric apparatus, which, by the way, comprises valves 
with a photographic camera, is, moreover, rather a 
questionable advantage. 


Alignment charts and other diagrams are coming into 
ever increasing use for engineering calculations. They 
have the advantage of minimising the possibility of 
serious error and yield the result required very rapidly 
and with an accuracy which is ample for most practical 
requirements. It has, it is true, taken a good many 
years to effect the popularisation of the highly ingenious 
and original ideas of M. d’Ocagne, but to-day the value 
of his methods is universally recognised, and many 
papers and text-books have been written in explanation 
thereof. A very complete and simple exposition of the 
subject will be found in ‘‘ The Design of Diagrams for 
Engineering Formulas and the Theory of Nomography,” 
which is published by the McGraw-Hill Publishing 
Company, Limited, at 25s. net. The authors are Mr. 
1. I. Hewes and Professor H. L. Seward. The treatise 
covers the ground pretty completely and, as the pages 
measure 12 in. by 9 in., it has been practicable to 
reproduce the diagrams on a reasonable scale. 

Books written on the lathe are so numerous that 
it might be supposed that another is hardly called for. 
Yet ‘‘ Lathes, their Construction and Operation,” by 
George W. Burley (London: Scott, Greenwood and 
Son; 7s. 6d. net), now issued in a second edition, 
should be welcomed. The work produced by this 
author is always good and reliable. The present is 
no exception. A large amount of useful information 
is crowded into a volume of 232 pages, with 200 illus- 
trations, a large proportion of which are clear line 
drawings. The book is attractive, concise, and 
informing. It includes ‘nformation respecting hand- 
turning and engine lathes, turret lathes, vertical and 
special lathes, lathe accessories, tools, and methods 
of driving. It is primarily a book for the beginner, 
but the skilled hand will peruse it with pleasure. 





The Gothenburg Jubilee Exhibition held last year 
gave the people of the world an impression of the vast 
resources of Sweden, and the General Export Association 
of the country, with a view to maintaining that im- 
pression, have issued a volume with the title ‘“* Indus- 
trial Sweden.’ Such a publication, prepared with the 
sole purpose of disseminating information regarding 
the products of the country, is calculated to serve a 
useful part in the development of overseas trade. 
Swedish industry has been built up by the utilisation 











of the products of her forests and her ore fields, and 
the people have shown themselves in these directions 
to have the faculty of invention to a most remarkable 
degree. While the book does not claim to give a com- 
plete account of Swedish industrial life, it does provide 
illustrated descriptions of a large number of the manu- 
facturing concerns and information of a practical nature 
regarding their products. Some large organisations are 
not represented at all in the volume, but on the whole 
the claim may be made that the work provides a good 
indication of the field covered by Swedish industry. 
We are indebted to the Swedish Consul-General in 
London, Mr. Emil Gustav Sahlin, for a copy of this 
publication, and we are informed by him that a limited 
number of copies are available at his office, Bank 
Chambers, 329, High Holborn, for disposal to bona-fide 
enquirers. 





When Mr. E. W. Nicol, in his volume on ‘‘ Coke 
and Its Uses, in Relation to Smoke Prevention and 
Fuel Economy” (London: Benn Brothers; price 
19s. 6d. net) recommends gas coke as fuel for 
steam raising as well as for domestic boilers and 
cooking, he advocates no doubt a good cause. As 
fuel expert to the London Coke Committee, which 
was formed in 1913, he speaks with authority. He 
should not, however, silently pass over the drawbacks 
of coke. A slow coke fire is apt to send carbon 
monoxide into the room, and the monoxide pene- 
trates through the hot iron work of coke stoves, but this 
CO-danger is not mentioned. The subject is treated 
in non-technical language, and there is but little 
descriptive detail about some of the good diagrams and 
photographs of coke retorts, mechanical stokers and 
screening plants. There are only 134 pages in the 
volume, which is of good size. We find on the one 
hand useful tables on comparative coke and coal 
firing, and on the other, anonymous quotations of 
questionable value from newspapers. Mr. Nicol 
mentions that he introduced the “ sandwich” system 
of fuel blending (slack coal and coke on mechanical 
chain-grate stokers) in 1912. 





In our issue of November 23 last we spoke favourably 
of Professor Const Zietemann’s book on steam turbines. 
The third volume of this work : ‘‘ Die Dampfturbinen.— 
III. Reglung der Dampfturbinen und Bauarten; 
Turbinen fiir Sonderzwecke, Kondensationsanlagen ”’ 
(Berlin and Leipzig: Walter de Gruyter and Co., 
price 1-25 gold mark), fully justifies, like its predecessors, 
the claims of the publishers of this Sammlung Goeschen, 
that their small monographs will supply clear and 
instructive introductions into the various branches of 
science and technology. The information given on 
the governing of steam turbines, their construction 
and condensation plants, is perhaps a little too much 
condensed, but it seems well suited to assist the student. 
We also notice on this occasion another book of the 
same Sammlung Goeschen, published at the same price, 
“ Die Kraftstellwerke der Hisenbahnen,” by S. Scheibner, 
who deals in this second edition of the first volume on 
power signalling with the electric devices for controlling 
the points and switches of railways. 





The present generation is accustomed to rapid 
developments, in technics and science, which the 
older generation would rightly consider amazing. The 
adjective is certainly justified in the case of the moving 
picture industry, and we quite understand that Mr. 
F. A. Talbot had had entirely to re-write his volume 
on “‘ Moving Pictures, How they are Made and Worked” 
(London: William Heinemann, Limited; price 
10s. 6d. net), the first edition of which appeared in 
1912. The book belongs to the “‘ Conquests of Science ” 
series and is written in a popular, yet instructive style. 
The production of a film, the camera and its operation, 
the projection of the pictures and the outfits of picture 
theatres are duly explained. The 429 pages are pro- 
fusely illustrated, by a large variety of photographs 
comprising nature studies as well as trick pictures. 
The excellent index is exceptional for a semi-popular 
publication. The educational and scientific applica- 
tions of the film art are not ignored, and one could 
only wish that the industry and the public, ready to 
spend money and time on spectacular display, showed 
more appreciation of scientific film achievements. 





A comprehensive and concise survey of the work of 
moulding is desirable in the interests of those who 
approach the subject for the first time; but much 
detail must be omitted from an elementary work. To 
deal not only with the tasks of the ordinary iron foundry, 
but to include malleable iron, steel, brass and its 
alloys, in a book of 136 pages cannot be done satisfac- 
torily. The attempt has been made and has been done 
as well as is practicable in a concise manner in “‘ Prac- 
tical Moulding,” by 8. Jones Parsons (London : George 
Routledge and Sons, Limited; price 5s. net). The 
author’s disparaging remarks relating to the early 


skilled moulders ‘‘ of a kind ”’ are not in harmony with 
fact. Intimacy with the men of fifty years ago justifies 
the statement that they were not inferior to the best 
men of the present time, often having the ability to 
produce sound castings equally well in green, or dry 
sand or loam. Those were the days of big engine and 
pump cylinders, in which soundness and strength were 
essential. Mathematics and machine drawing, lauded 
by the author, will not help the moulder to produce 
sound castings. His studies must be of other kinds, 
There are 124 illustrations in the book, mostly fairly 
good and suitably selected, though many are of an 
extremely elementary character. Good proportions 
are not always observed. But, apart from these 
blemishes, the volume can be recommended as a 
preliminary textbook to those who wish to become 
acquainted with the work of the foundry. 





Professor Heinrich Dubbel, of Berlin, well known as 
author of a volume on reciprocating engines and steam 
turbines and of handbooks of engine construction and 
ef factory working, has recently completed the third, 
enlarged and revised, edition of his “* Steuerungen der 
Dampfmaschinen” (Berlin: Julius Springer). The 
subject matter, which runs into 394 pages, is divided 
into the usual three main sections on piston valve and 
balanced valve gear and on reversing gear. Most of 
the detailed diagrams of the 515 text figures represent 
productions of German or Continental firms ; but other 
designs receive due recognition. The publishers have 
done their duty in assisting the author to make the 
volume representative of the important subject. 





‘On previous occasions we have referred to the large 
numbers of books written on costing and cost account- 
ing, and while we do not underrate the need for truly 
accurate costing or the importance of the widest 
dissemination of knowledge concerning the same, we 
do not think that the mere multiplicity of books on the 
subject is the best method of rendering service. It is 
not as though there is nothing new to be said on the 
matter or that treatment cannot be given from another 
angle. There is scope and in plenty ; but we venture to 
say that some of the books on this subject which have 
come under our notice recently bear little evidence of 
any new thought, and the latest to reach us, ‘‘ Textbook 
of Industrial Cost Accounting,” by Paul M. Atkins, a 
book of American origin, published by the McGraw- 
Hill Publishing Company, Limited, 6 and 8, Bouverie- 
street, London, E.C. 4 (price 17s. 6d. net), is not an 
exception in this respect. Appearing first as “ Jndus- 
trial Cost Accounting for Executives,” the book has been 
re-written under the title quoted, and its strongest 
appeal will probably be to class students, for whom 
questions for discussion are set at the end of each 
chapter. To such, the somewhat long-drawn-out method 
of treating the subject of overheads may not be a 
disadvantage, but, on the other hand, the references to 
systems of payment by results in the chapter on the 
calculation of wages are altogether too meagre to be of 
use, while the “ particular case,” mentioned under the 
‘* Halsey system,” has no connection with that system 
at all. Apart from minor weaknesses of this kind, the 
book is not 'without value, and its recommendations 
are generally quite sound. It is printed on good paper 
in readable type, and is interspersed with a number of 
forms. 








Tron anp Sree. InstrtuTE.—The annual meeting 
of the Institute will be held at the Institution of Civil 
Engineers, Great George-street, Westminster, on Thurs- 
day and Friday, May 8 and 9, commencing each day 
at 10.30 a.m. The annual dinner will be held at the 
Hotel Cecil, Strand, W.C., on the evening of Thursday, 
May 8, at 7.15 for 7.30 p.m. The following is a list 
of the papers which it is expected will be submitted at 
the meeting :—1l. L. Aitchison and W. L. Johnson: 
“* Notes on the Testing of Metal Strip.” 2. J. H. Andrew 
and H. Hyman: “ High Temperature Growth of Special 
Cast Irons.” 3. J. P. Bedson: ‘Continuous Rolling 
Mills, their Growth and Development.” 4. G. 8. Bell 
an H. Adamson: ‘Transverse Test Bars and 
Engineering Formule.” 5. E. W. Colbeck and D. Han- 
son: “The Hardening of Silico-Manganese Steels. 
6. W. Dyrssen: ‘“‘ Recovery of Waste Heat in Open 
Hearth Practice.” 7. C. A. Edwards and L. B. Pieil: 
“The Production of Large Crystals by Annealing 
Strained Iron.” 8. W. N. Hindley: “Some Effects of 
the Penetration of Arsenic and Sulphur into Steel.” 
9. K. Honda: ‘‘ On the Forging Temperature of Steels. 
10. K. Honda and K. Takahasi: “On the Indentation 
Hardness of Metals.” 11. D. J. Macnaughtan: “ Hard- 
ness of Electro-deposited Iron, Nickel, Cobalt and 
Copper.” 12. A. L. Norbury and T. Samuel: ' Experi- 
ments on the Brinell-tensile Relationship.” 13. H. 
O'Neill: “The Effect of Cold-work upon the Density of 
a Iron.” °14. J. Seigle: ‘Theoretical Considerations 
Respecting Certain Features in the Working and Effi- 
ciency of Reversing Regenerators. 15. F. C. Thomp- 
son and W. E. W. Millin : ‘The Plastic Deforma- 
tion of a and ¥ Iron.” 16. A Westgtren and G. Phrag- 
mén: “ X-ray Studies on the Crystal Structure of Steel. 
Part II. The Autumn meeting will be held in London 
on Thursday and Friday, September 4 and 5. 
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MULTIPLE SAW BENCH FOR LATH WORK. 


CONSTRUCTED BY MESSRS. A. RANSOME AND CO., LIMITED, ENGINEERS, NEWARK-ON-TRENT. 








A serviceable tool for cutting wooden laths from 
waste material is shown in the illustration on this 

ge. This machine is a production of Messrs. A. 
Ransome and Co., Limited, of Stanley Works, Newark- 
on-Trent. The cutting tools consist of five saws of 
9-in. diameter, and the machine will take material up 
to 7 in. wide, and is capable of sawing laths 14 in. 
wide by ¥-in. thick. The saw-spindle is run in 
long adjustable gunmetal bearings, with self-oiling 
rings, which are fitted in a trough in the table but 
made easily accessible by the removal of a cover plate. 
Spacing collars are mounted on the spindle between 
the saws and retain them in proper distance relation- 
ship to make possible the cutting of laths of uniform 
thickness. A cast-iron filling-in plate, which can be 
moved forward to give access to the saws, is provided 
and easily removable steel grids are installed above the 
saws to support the material between them. The feed 
system consists of four horizontal rollers of large dia- 
meter, the bottom two of which are fluted to grip the 
timber while the top two are plain cylinders. A spur 
gear drive is provided for the bottom rolls, while the top 
ones are carried on hinged arms, but their movement 
is restricted by stops to ensure that they cannot fall 
beyond a certain amount, should the feed of boards 
not be continuous. The feeding-in top roller may be 
instantly raised should an extra thick piece of material 
be passed through the machine. The strong framing 
which forms a guard for the saws also serves as a support 
for the hinged arms carrying the top rollers. Two 
rates of feed are arranged for, and fast and loose pulleys 
are introduced into the drive to the rolls. An adjust- 
able fence is fitted and provided with a scale to facilitate 
setting, and there is a side pressure roll system at the 
feeding-in end to ensure that the material is held up 
against the fence. The rate of working attained with 
the machine is up to about 80 ft. per minute. 





STRATEGICAL AND TACTICAL CONSIDERA- 
TIONS GOVERNING WARSHIP DESIGN.* 


By Admiral of the Fleet Sir Doveton SturpeEz, Bart., 
G.C.B., K.C.M.G., C.V.O. 

I rEEL much honoured in being invited to address the 
members of an Institution whose ingenuity in the 
design of ships of war has been of such value to the 
Empire. Iam not in a position to speak as a designer, 
but with some diffidence I venture to give my views as 
one who has handled some of those grand ships that we 
are so justly proud of, and to try to foresee what will 








only possible to anticipate some fifteen or twenty years, 
i.e., about the length of life of a ship. 

| The war does not appear to have reduced the task 
| of the designer, in fact it has materially increased it, 
added to which the limitation of size imposed by 
international agreement will not ease his difficulties. 
The late war has provided him with much information 
on the effect of shot and shell and of torpedoes and 
mines on the designs of his predecessors, which in 
spite of recent progress in invention will form a useful 
basis to work from. The strategists and tacticians have 
also drawn their lessons from the war, and may now 
be in a good position to make known their requirements ; 
the designer has to use his best endeavours to meet 
these several wants. In preparing his designs he has 
to anticipate the almost certain advance in the offensive 
power of both the sub-surface vessel and of aircraft, 
leaving it to the strategist or the tactician to say as to 
how they will use the vessels when placed in their 
hands. This time of peace gives the three ample time 
to work together for the common good, in order to 
produce the most effective vessels of war for the defence 
of the Empire in the event of an attack being made on it. 
This period also provides ample time for research and 
investigation. Is this being done sufficiently by all 
three ? 

It may be well to commence by examining very 
briefly what this most unique Empire requires for its 
sea defence. The United Kingdom cannot produce 
nearly enough food to feed its teeming population ; 
besides which it has to import large quantities of raw 
material to keep its factories busy. In order to 
purchase these necessities, goods have to be manu- 
factured for export to pay for them; thus a large 
mercantile marine is essential to carry the material. 
Further, to be in a position to utilize the manhood of 
the Empire in case of need, and convey them to the 
| vital point, many transports will be necessary; these 
| units will also require equipment, and consequently a 
huge amount of war material will also have to be carried 
across the oceans of the world. The late war gave the 
clearest indication of the millions of tons of goods to 
be carried to their destination, besides the troops 
from the extreme limits of the Empire. Hitherto only 
surface vessels were employed for this service, but 
two new methods of transport have been devised, 
viz., sub-surface vessels and aircraft. Before con- 
sidering new designs it appears desirable to determine 
whether either or both of these types are capable 
of replacing surface vessels. The answer seems bound 
to be in the negative, at all events at the present time 
whatever the future may have in store. Unfortunately 








be required for the Navy in the future. With the 
rapidity in changes due to new inventions, it seems 

* Paper, slightly abridged, read at the Spring Meetings 
of the Institution of Naval Architects, April 9, 1924. 








both sub-surface vessels and aircraft are a menace to the 
surface vessel. This fact has to be recognised, and that 
menace is an increasing one. The designers and 
constructors of both war and merchant ships will have 
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to keep this well in view in all new designs. As this 
paper concerns warship design, it will not deal with 
merchant ships beyond. calling attention to the risks 
that these ships are exposed to, in the hope that this 
will be borne in mind. Their main defence, as in the 
late war, will depend on surface warships ; for if this 
is not available, we stand every chance of having to 
bow to the will of the enemy. 

The well-recognised strength of the British Navy 
from 1815 until 1914 was a great asset in the preser- 
vation of the world peace, and ensured for this country 
naval peace for a century; this superiority we have, 
with our eyes open, abandoned in so far as battleships 
and aircraft carriers are concerned, therefore strategi- 
cally we have placed ourselves at a disadvantage with 
any great Power that has an equal force of battleships, 
particularly if that Power is a Continental nation and is 
self-contained, while we, with our communications to 
our overseas dominions, have some 80,000 miles of 
ocean routes to defend. The late war was mostly 
confined to the North Sea, but the present naval 
Powers happen to be situated on the shores of the 
oceans, therefore, any future trouble will not be 
limited to a confined area but is likely to be on the 
ocean, and would be a repetition of our ocean conflicts 
of the eighteenth and early nineteenth centuries, for 
which sea-keeping ships with good radius of action 
were proved to be essential. 

In considering the general design of vessels of war, the 
relative value of the offensive weapons likely to be used 
now and in the near future require to be determined. 
All indications seem to show that the gun will continue 
to maintain its pre-eminence over all other weapons of 
offence. Torpedoes, bombs and mines will endeavour to 
usurp this position, but without success; still, they 
will be a serious menace to the vessel carrying the 
premier weapon. The gun will continue to defeat at 
effective range any armour which it is possible to carry ; 
but it has been shown that armour is essential for the 
protection of gun positions and vital parts of the 
hull, and this same armour will also prove effective 
against bombs dropped from the air. Effective means 
have been devised to reduce ships’ vulnerability from 
torpedo explosions, and this protection will also prove 
effective against bombs dropped from the air. To 
ensure protection from mines, external methods for 
sweeping mines from the path of the ship are still 
necessary ; the paravane may not prove sufficient. 
Clause V of the Washington Treaty for preventing 
the use of noxious gases states that the prohibition of 
poisonous gases shall be universally accepted by all 
civilized Powers, but this clause still awaits the sig- 
nature of many Powers. In view of our recent ex- 
perience, the point naturally arises whether, in the 
design of new ships, steps should not be taken to 
avoid a repetition of our experience on the Western 
front. Can means be adopted in the design to prevent 
heavy gases of this nature finding their way into the 
lower compartments of a ship ? 

The supply of a sufficiency of air to the boilers necessi- 
tates large inlets through which these gases may 
penetrate. Ventilating trunks and voice pipes form 
other easy roads for these gases to pass through, and 
the introduction of baffles is no doubt being considered. 
Indicators to give warning of the presence of gases are 
needed. Purifiers should also be fitted. The crews 
are already supplied with gas-masks, and I believe the 
study of the problem is wellin hand. However, it may 
be hoped that the conscience of the civilized world will 
rise against this abuse of the science of chemistry. 
The vulnerability of our battle cruisers to destruction 
from concentrated gunfire and of our pre-Dreadnought 
battleships to torpedo explosion was shown in the late 
war. The first appeared to indicate that there was a 
lack of sufficient appreciation of the effect of plunging 
fire, which found out the weakness of the turret-roofs, 
and insufficient precautions had been taken to prevent 
the flash from the bursting of shell reaching the maga- 
zine ; on the other hand, the Germans seemed to have 
appreciated the risk better, as shown by the punish- 
ment the Scharnhorst and Gneisnau were able to with- 
stand from 12-in. gunfire before they were sunk. 
With aircraft spotting, the gun range will be further 
increased, rendering protection from plunging fire still 
more imperative. This, as stated above, will also help 
to protect the vitals of a ship from air attack ; thus, 
horizontal armour will become more of a feature of 
protection than vertical armour. It is hoped that more 
thought is being given to the protection of the magazines 
from the flash from exploding shell and to more effec- 
tively breaking direct communication with the magazine. 
The necessity for all surface ships being protected from 
gun, torpedo and air attack, so far as their displacement 
will allow, is imperative. When submarines were used 


for the first time in war, they showed that they could 
not be used effectively against other submerged 
vessels, surface vessels, assisted by aircraft, proving the 
most efficient means of dealing with submarines. 
Further, submarines, although excellent for attack, are 





Surface war 


not suitable for the defence of trade. 
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vessels remain essential for the protection of our trade 
routes, and as they will have to contend with other 
surface vessels, they will have to be of equal or greater 
power. Thus we are led to a rivalry in size, but the 
Washington Treaty has laid down a limit for battle 
ships, cruisers and aircraft carriers, with a limit in the 
calibre of guns to be mounted, 

A general criticism that might be made is that before 
the war, after a century of naval peace, it was not 
easy to get enough thought “in war,” and the necessity 
of anticipating such acalamity isobvious. The ultimate 
use for a ship of war is in battle. Now let us hope 
that, with the chances of peace during the next century 
not being so rosy as in the previous hundred years, 
ships will be designed for that one object, viz. : to be 
most highly efficient for battle, all other thought being 
subservient to that one end, Rapidity of fire for 
competition in peace practice should never again be 
allowed to vitiate their efficiency for action with an 
equal or superior opponent. In the late war we were 
always able to reckon on having a battle fleet superi- 
ority, but this cannot be reckoned on in the future ; we 
must therefore anticipate the possibility of having to 
fight against odds, like Nelson in his final grand battle. 
A retiring action may become imperative. In the 
design of new ships this possibility must be kept in 
view. The war showed the need of better protection 
from torpedoes; this comes next in importance to 
protection from gunfire. Experience in the war 
showed that bulges were very effective; they should 
be included in the design of all battleships and embodied 
so far as practicable in other classes. The increased 
safety obtained by having complete watertight bulk- 
heads, unpierced by doors, was fully demonstrated. 
It must be anticipated that, with the amount of thought 
now being given to weapons of destruction, mines of a 
more dangerous and elusive character will be devised ; 
therefore more efficient means will be required to clear 
them away or render them innocuous before a ship 
has to pass over them. It does not seem possible to 
design a ship that will be immune from being seriously 
damaged by the explosion of a mine in contact with its 
bottom. 

The designs of the only two battleships that we are 
permitted to construct until the year 1931 having been 
settled and their construction commenced, no remarks 
at this stage seem to be called for; a great deal may 
happen in the intervening seven years. Still, the 
present main principles and requirements may apply 
even then. In accordance with the Washington 
agreement there will be no class of ship except the 
aircraft carrier between the 35,000-ton battleship 
with its 16-in. guns and the 10,000-ton cruiser with 
its 8-in. guns. No limit of number has been assigned 
for the cruisers ; they may become the most important 
class of ship, therefore too much attention cannot be 
given to their design. Before the agreement was 
signed, our cruiser force consisted of battle cruisers, 
armoured cruisers, large protected cruisers of some 
antiquity, and modern cruisers of several different 
classes, all the latter, except the Hawkins class, being 
well below the 10,000-ton limit, the largest type of 
gun mounted being 6-in.; consequently, with the 
scrapping of all the battle cruisers except the Tiger, 
and all the armoured and protected cruisers, the 
Empire has been left with a great deficiency of suitable 
cruisers of the power and size allowed by the Treaty 
as many of the light cruisers now left are more suited 
for service in confined waters such as the North Sea 
than for the oceans of the world. The late war only 
emphasized our previous war experience—the great 
need of cruisers and the varied services that they were 
called on to fill, such as, to accompany battle fleets or 
squadrons, convoying duties, protection of trade routes, 
foreign stations, submarine duties, &c. It cannot be 
too often repeated that our internal communications 
are across the ocean, while all other nations except 
Japan, another island Power, are across their own land. 
Ample cruiser power is essential for our very existence 
as an Empire. 

The requirements for a British cruiser may be briefly 
summarized as follows :— ; J 

(1) Sea-keeping is probably the most important, 
also the carrying of the guns at such a height and manner 
that they can be used effectively in most weathers. 
The battle of Coronel gave us a most painful experience, 
because this necessity had not been realized in some 
of our cruiser designs of the past; (2) steadiness of 
platform becomes of inzreasing importance with the 
increase of gun range; (3) a good radius of action is 
essential ; (4) a higher maximum speed than that of 
possible enemy battleships ; (5) good offensive power ; 
(6) vertical armour must be sacrificed in order to obtain 
as much horizontal armour as possible over the vital 
parts and gun positions ; (7) submerged torpedo tubes 
probably not being possible on such a limited tonnage, 
armoured above-water tubes may be fitted in cruisers 
designed to accompany a fleet, but for other cruisers 
this weight might better be utilized; (8) each cruiser 


(9) anti-air defence guns, particularly for cruisers 
intended to accompany battle fleets. 

In the late war, besides the number of large cruisers 
that we possessed, we were rich in a number of pre- 
Dreadnought battleships which were not required in 
the North Sea, and were thus available for cruiser 
duties, but these ships have now all been scrapped ; 
besides these, our Allies were able to place cruisers at 
our disposal for the defence of trade routes. This fact 
is mentioned to show the need of good sea-keeping 
cruisers being designed to fill the enormous gap that 
has been made in our cruiser force. 

The Washington Treaty specially lays down a limit 
to the total tonnage for aircraft carriers, also a limit 
in their size, besides not permitting them:to be armed 
with guns of over 8-in. calibre. Their vulnerability 
to attack from gunfire, torpedoes and the air is their 
most serious disadvantage, and protection from all 
of these sources would, of necessity, reduce their use- 
fulness for their avowed purpose. Our total allowance 
for this class is 135,000 tons, of which we possess six 
ships aggregating 77,440 tons, but it is understood that 
two of our “hush”’ cruisers are to be converted into 
carriers. For the moment probably no new designs will 
be constructed. This will allow experience to be 
obtained as to the most suitable design for the purpose 
desired. Steadiness of platform, a good clear deck 
for flying off and landing must be the great desiderata. 
The best manner in which these vessels can be used 
in war has still to be found, and appears largely to 
depend on the operation in hand. Owing to their 
vulnerability, they will not be able to cruise alone, 
and their valuable cargo of aeroplanes and plant would 
justify suitable protection. ttle fleets will no 
doubt have one or more aircraft carriers with them, 
therefore the latter will require to have a speed 
equal to that of the fleet ; their large size should render 
them seaworthy. In any new design efforts should 
be made to render them less liable to destruction 
by torpedoes, by ample subdivision, and by adopting 
the whole or partial inclusion of the bulge method. 
Incidentally it may be mentioned that the limited 
radius of action of aeroplanes reduces their value for 
ocean warfare, thus rendering them unable to replace 
the surface cruiser for the protection of our extensive 
trade routes. 

With our very considerable experience in the design 
of destroyers, there is nothing new I need mention. 
They will be largely required for ocean work, there- 
fore ocean-keeping qualities will be essential; this 
will mean some increase in size, more attention being 
paid to the position and construction of the bridge. 
The number of times, even in North Sea waters, that 
either the fleet had to cease speed or the destroyer 
had to be detached showed a need for better sea-going 
qualities. Possibly, in order to obtain these require- 
ments in destroyers they may become nearly as large 
as the present destroyer leaders, and if the latter class 
are to be continued some of our present small cruisers 
might be utilized, larger cruisers being built to replace 
them. 

The construction of submarines depends largely on 
what future policy the Empire is going to follow. At 
Washington the representatives of our Government 
recommended the abolition of submarines, and re- 
quested the other Powers to agree. This proposal 
met with no response from the other representatives, 
but they agreed to a Treaty deprecating the use of 
submarines as commerce destroyers and such other 
humane regulations for the conduct of submarine 
warfare. After our recent experience, the question 
naturally arises, “‘Can any nation rely on such rules 
being kept by all its possible opponents?” Sub- 
marines, however, will remain vessels of war that are 
free to attack any other vessel of war. No limit has 
been placed on the size or number of submarines that 
any State can construct. Before considering their 
design or size, it would be wise to consider the policy we 
are going to adopt. Should we lead in the increase of 
size and power, or follow other nations? Is it our 
best policy to force the pace or await what other 
nations do? We have a very clear indication of the 
effect of our forcing the pace before 1914. For years 
we deliberately would not even consider possessing 
any submarines at all ; then in 1900, in order to deter- 
mine what risk we were exposed to from the French 
submarines, six small Holland boats were purchased. 
A change of policy shortly afterwards ensued, and we 
started a vigorous building programme. The Germans 
were then starting their extensive battleship-building 
programme ; they evidently felt the threat of our 
submarines to be such a menace that they were un- 
willingly forced to reply. The effect of our precipitate 
action was shown in the war. Have we appreciated the 
lesson to be learnt ? Is it not our true policy to follow 
but not to lead in this type of ship, but in the meantime 
not to neglect any opportunity to ensure that our war 
anchorages and ships are safe from their menace ? 

The war showed the value of the submarine for 


surface vessels is small, and our Imperial require- 
ments necessitate a very large mercantile marine—large 
floating targets for attack—while our opponents might 
not supply any; for this reason it cannot be sound 
policy for us to lead the way in this matter. If, 
however, other nations are determined to construct 
larger and more formidable submarines, we must reply 
to this threat to our internal communications by build. 
ing similar vessels. This will mean submarine cruisers 
—a type of vessel that requires deep water to operate 
in, and therefore suitable for ocean warfare. Now, 
there is a possibility that in any future trouble we 
may find one or two enemy battleships on our trade 
routes sent with the knowledge that they will only 
have 10,000-ton cruisers to encounter ; in such a case 
a few submarine cruisers, suitably disposed, might be 
of great service. They would always be a threat to 
the large surface ship, and thus act in a new role asa 
defence of trade. To counteract the menace of the 
submarine cruisers of the enemy on the outbreak of 
war, our submarine cruisers should be distributed as 
necessary on foreign stations in the same manner as 
surface cruisers are at present ; that would mean that 
some, if not all, should be designed so as to be habitable 
in tropical waters. The introduction of ocean sub- 
marines will necessitate some special form of submarine 
hunter—cruisers of superior gunfire to that of the 
submarine. The comparatively short-range guns our 
convoying cruisers were armed with in the late war 
will not now be sufficient. 
If competition in submarines is going to become the 
vogue, some of the hoped-for gains from the Washington 
Agreement will be neutralized. No self-respecting 
nation can remain so powerless as to have its internal 
communications under threat of severance, with the 
certainty of its people being starved in consequence. 
Submarines do possess one undoubted advantage : 
they are an evident threat to transports attempting to 
land troops for the invasion of a hostile country. 
As stated above, owing to our geographical position 
our ships will have to keep the sea for longer periods 
than those of a naval Continental Power; that Power, 
if it wishes to attack our trade routes, need only 
proceed to sea for short spurts, returning to harbour 
to prepare for another swift raid. It is obvious that 
ships protecting a trade route have not this freedom, 
therefore our long-established principle of arranging for 
a large radius of action will still hold good. This 
means that the maximum tonnage of our ships, com- 
plete with fuel, as allowed by the Agreement, will 
exceed that of other nation’s ships. This will put us 
to the disadvantage of having to provide extra horse- 
power, and consequently increased weight of machinery, 
in order to obtain equal speed. This disadvantage 
must be faced. To ensure the mobility of our ships 
there must be ample docking facilities suitably placed 
on our main trade routes. The well-known loss of 
speed and excess of fuel expenditure, due to a foul 
bottom through lack of frequent cleaning, is another 
reason for these docking facilities. With the introduc- 
tion of oil instead of coal, supplying ships at sea with 
fuel will be a future possibility ; oilers suitable for this 
purpose should be provided. y 

The late war showed that, so long as ships were 
under way, air attack was not serious, and there seems 
no reason to modify this experience. However, 
defence from the air is essential for ships assembled 
at a base within air-striking distance of an enemy. 
A few lessons may be learnt from our experience on 
the outbreak of war. Shall we remember them to 
prevent a repetition in future ? Many of our cruisers, 
that we were relying on, were not efficient for service 
owing to the frequent postponement of refits, and 
consequently were continually having to return to 
harbour to be patched up. With our present much- 
reduced Navy this will be still more dangerous. The 
guns for arming our merchant ships were out of date, 
no proper reserve having been maintained. An ample 
reserve of efficient guns and ammunition for them 
seems to be a necessary insurance for the nation to 
maintain to meet sudden eventualities. With our 
reduced Navy, in the unfortunate event of the out- 
break of hostilities, a rapid increase of ships of all 
classes will be the first necessity. This should be 
anticipated and designs kept up to date for immediate 
execution. Cruisers on foreign stations were inferior 
in power and speed to those of our enemy. The 
convoying of troops from the distant dominions had 
not been allowed for. We were deficient in means of 
observing from the air. 





Contracts.—The Underfeed Stoker Company, ag wr 
Aldwych House, Aldwych, W.C.2, has recently booked 
orders for 41 travelling grate stokers, 10 underfeed stokers. 
1 air heater, 2 pulverised fuel plants, 3 ash conveyers anc 
4 suspended arches.—The British Reinforced Concrete 
Engineering Company, Limited, Manchester, have — 
secured the Leeds City Tramways yearly — rad 
the supply of B.R.C. fabric in rolls and special s: 
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PORTABLE MECHANICAL RIDDLE. 


THE CONSTRUCTIONAL ENGINEERING COMPANY, LIMITED, BIRMINGHAM. 
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Tue above illustration represents a very simple 
portable riddling machine which has been designed by 
the Constructional Engineering Company, Limited, of 
Charles Henry Street, Birmingham, for use in foundries, 
builders’ yards or other places where small quantities 
of material have to be screened. The machine can be 
wheeled by hand to the spot where it is required, and 
barrows can be filled direct with the material as it 
falls from the riddle. The machine is so simple that 
the illustration explains itself. ‘The crank and bearings 
are covered with a dustproof casing, and any standard 
diameter of riddle, or a sieve of any mesh can be 
accommodated. The riddles can be changed without 
making any mechanical adjustment. It is claimed that 
the machine will do as much work as six men can 
accomplish by hand, and it may be arranged for belt 
driving in situationswhere electric power is not available. 





THE APPLICATION OF THE STEAM 
TURBINE FOR AUXILIARY MACHINERY.* 
By Ricuarp W. ALLEN, C.B.E. 


THE application of turbines for driving the auxiliary 
machinery on ships, although it was doubtless con- 
sidered as soon as the success of the turbine as a 
prime mover for their propulsion had been assured, 
lagged much behind the latter. Thus, while steam 
turbines were used in the year 1907 for propelling pur- 
poses, very few steam turbines were installed for any 
auxiliary purpose until some years after. The reasons 
for this delay were very cogent ones, and have only 
slowly lost their weight as the advantages of turbines 
became more pronounced. The first small turbines 
compared unfavourably with the old and well-tried 
high-speed forced lubrication reciprocating engines 
from the point of view of cost and steam consumption, 
and it was only after years of experiment that such 
improvements were effected as to lead to the change 
in opinion. This change was, of course, very gratifying, 
because it is desirable that turbine-driven ships should 
be fitted with turbine-driven auxiliaries. There has 
certainly been, during the past few years, an increasing 
demand for turbine-driven generators and circulating 
pumps and other auxiliaries. In order to supplant the 
high-speed, forced lubrication steam engine, the turbine 
needs primarily to be simple and reliable, and, secondly, 
to compare favourably on the score of cost, weight and 
steam consumption. Leaving for the moment the last 
consideration, the advantage of the turbine on the 
grounds of evenness of torque, flexibility, and cleanli- 
ness, enables it to take the premier place as auxiliary 
prime mover in ships, for it is doubtful if any engineer 
who has had experience of its advantages would desire 
to revert to the reciprocating engine. The ease with 
which this type of prime mover is adaptable to hori- 
zontal, vertical, or any inclined position of its spindle, 





not only gives the advantage of enabling the auxiliary 
to be designed to fit into the most convenient place 
in the ship, and even into spaces which would be quite 
inaccessible for reciprocating auxiliaries, but also leads 
to a direct saving of weight and expense by doing away 
with a certain amount of structural support which is 
otherwise necessary. Any comparison of relative cost 
between a reciprocating and a turbine set must thus 
be made on a very broad basis and not by simply com- 
paring the units of machinery only. A further benefit 
is the absence of all reciprocating vibration, which 
leads to great strains in the supporting structure and 
any pipes connecting to the units. The difficulty of 
harnessing a high-speed turbine to a low-speed pump 
or generator has been accomplished, as with the main 
propelling turbines, by the introduction of gearing. 
With regard to the question of steam consumption, it 
must at once be ‘admitted that up to the present and 
for the steam conditions generally prevailing for the 
| auxiliary units, 7.e., exhausting to L.P. stages of main 
turbines or to feed heaters, at about 20 Ib. back pres- 
sure the turbine cannot show any initial advantage 
| over the reciprocating engine ; but the high-speed, small 
diameter turbines that have been lately adopted for 
these auxiliary units show steam consumptions that 
are not inferior to those of the high-speed reciprocator. 
Also a modern turbo unit will run for years without 
appreciable wear, while on the other hand a reciprocat- 
ing engine requires frequent overhauls and adjustments, 
otherwise the steam consumption may be consider- 
ably higher than was shown originally on test. The 
turbine is also better adapted to the use of highly 
superheated steam, providing that suitable materials 
are used for parts in contact with high temperature 
steam. 

The superheat is an advantage as it ensures that 
no water will be present in the steam which might cause 
erosion of the blades. Thus, taking into consideration 
the question of overhaul, renewals, and reliability over 
a long period of running, it may be said that the turbine 
is superior to the reciprocating engine. Further, as to 
its adaptability and freedom from vibration, and the 
fact that it returns its steam free of any lubricating oil 
to the exhaust—a valuable consideration where the 
supply of make-up water has to be obtained by dis- 
tillation—the reasons for the favour with which a 
turbine-driven auxiliary is now regarded will be obvious. 

The ‘“ Parsons” reaction turbine, which held the 
field in the early stages of marine turbine evolution in 
this country, was owing to its length, not very suitable 
for direct coupling to auxiliary units. On the other hand, 
the high-speed, enclosed forced lubrication engine pro- 
duced in this country was eminently adapted for this 
purpose, and it is thus not surprising that the adoption 
of the turbine-driven auxiliary was slow. The Parsons 
turbine, which had been built for direct-coupled turbo- 
generator sets for moderate size units, and later on for 
geared turbo sets, having a rotor running at a high 








sets were very satisfactory, but the principal objection 
was the great space occupied. The present practice is 
to use an impulse turbine of the axial flow type, select- 
ing such a number of wheels as will give the most 
simple construction and low steam consumption. 

The production of a turbine to work efficiently under 
the severe and varying conditions found in ship work, 
to give reliable service both on the high seas and in 
harbour, requires the utmost care in design, the best 
material, and the highest class of workmanship. Atten- 
tion must also be paid to the convenience in handling 
and operating the machine in the restricted space 
usually allotted to the auxiliary machinery on board 
ship. It is always considered advisable to adopt a stiff 
shaft turbine in which the first critical speed lies above 
any maximum speed which the turbine is allowed to 
reach. 

As the turbine wheels for these high speeds are 
of only moderate size, it is generally possible to forge 
the whole rotor in one piece, thus making for greater 
strength and rigidity. Great care is necessary in the 
machining of the rotor discs in order to reduce wheel 
friction to a minimum and to avoid the risk incurred 
by leaving tool marks on the metal. The blades are 
usually of phosphor bronze and are cold-drawn to 
approximately the section required, being then milled 
to the exact profile. The nozzles, upon which the 
efficiency of any turbine largely depends, are designed 
so as to retain their true shape under severe conditions 
of heat and pressure. High-pressure nozzles for marine 
work usually consist of plates of cupro-manganese 
cast in bronze diaphragms, while the low-pressure 
nozzles are generally of mild steel plates cast into cast- 
iron diaphragms. Other materials to withstand the 


COMPARATIVE STEAM CONSUMPTIONS OF 
TURBINE DRIVEN CIRCULATING PUMPS 
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erosive and corrosive attack of steam under all condi- 
tions found in steam turbine practice, and which are 
also mechanically satisfactory under the service con- 
ditions in question, are being tried and will, no doubt, 
be still further improved upon by the metallurgist. 
However, if the working conditions are correctly esti- 
mated, it is possible nowadays to provide materials for 
turbine parts which will operate successfully for ex- 
tended periods over a wide working range. With 
the steam conditions usually specified, it is quite pos- 
sible to use a single impulse wheel, this being of the 
velocity-compound type, so that the pressure inside the 
turbine casing is the same as the exhaust pressure and 
the shaft packing at the H.P. end is the same as that 
at the L.P. end. This one wheel meets all require- 
ments for reasonable economy under the usual back- 
pressure conditions of 20 lb., but where the back pres- 
sure is lower, for example, 5 |b., it may be advisable 
to add a second stage single-row wheel. It might be 
thought advantageous to select a larger number of 
stages and wheels, all of the single-row type, when, 
owing to the higher blade efficiency of the single-row 
wheel, a better diagram efficiency would be obtained, 
but the present speeds of revolution might lead to such 
losses in whee! friction as would largely or entirely 
neutralise the economy obtained by the high blade 
efficiency. Also, a compound wheel reduces the pres- 
sure and temperature in the first stage low enough to 
make the shaft packing a simple and reliable pro- 
position. 

Turbine reduction gears which have played such an 
important part in the introduction of the turbine to 
the main propelling machinery have served also, with 
the auxiliary machinery to an equally important degree, 
in permitting the coupling of a high-speed and high- 
efficiency turbine to a low-speed and, therefore, ex- 
tremely reliable generator. It is now possible to pro- 
duce high-speed reduction gears which are not objec- 
tionable as regards noise and have a high efficiency. 
Electric power supply on board ship may almost be 
said to be a primary necessity. Apart from the light- 
ing, innumerable motor-driven auxiliaries are dependent 








* Abstract of paper read at the Spring Meetings of the 
Institution of Naval Architects, April 10, 1924. 





speed and the dynamo at a moderate speed, did not 
offer the best solution for these small turbo units. These 


upon the power supplied by the turbo-generators, and 
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the demand for more power for heating and other uses 
is steadily growing, so that the modern dynamo-room 
is in itself a moderate-sized power station. As an 
example, ships have lately been constructed having 
on board turbo-generators with a total capacity of 
2,000 kw., and larger capacities still are under con- 
sideration. It would be difficult to find the space for 
engine-driven sets on board ship to meet such require- 
ments. The turbine speed of capacities of 500 kw. to 
100 kw. is usually 6,000 r.p.m., and the dynamo 
speed 650 r.p.m. to 1,000 r.p.m. according to size. 
The turbines are of the axial flow type, with wheels 
ef 16 in. to 20 in. diam. The turbines of 500-kw. 
capacity have one velocity-compounded wheel having 
two rows of blades and one single-row wheel, whilst 
turbines of 100-kw. capacity may have one two-row 
wheel only. The larger turbines are coupled up to 
the dynamo through double helical gearing, a flexible 
coupling being interposed between the turbine shaft 
and pinion shaft. The turbines of 100-kw. size drive 
through single helical gearing, and in this case a solid 
coupling connects the turbine shaft and pinion shaft, 
the thrust due to the angle of the helical teeth being 
taken on the turbine thrust bearing. Michell thrust 
bearings are adopted in all cases. A rigid coupling 
is invariably used between the slow speed shaft of the 
gear and the dynamo shaft, and the main gear wheel 
bearing takes the load of the armature shaft. Oil under 
pressure is provided by a rotary oil pump driven from 
the governor spindle, for lubrication of the bearings 
and gears. The oil from the bearings drains back to 
the tank in the baseplate underneath the gear box, and 
passes through a strainer before being recirculated by 
the oil pump. The oil is delivered by the pump at 
about 25-lb. pressure, at which pressure it is used for 
operating the governor, and is then reduced to about 
10 lb. before it is passed through the oil cooler to the 
bearings, a fine strainer being interposed between the 
eooler and bearings. The oil relay type of governor 
has been adopted with most gratifying results. The 
governor itself is driven from the steam end of the 
turbine spindle through worm gearing and is of the 
centrifugal type running at about 600 r.p.m. The 
governor parts are lubricated by a continuous supply 
of oil from the bearing system, which reduces the 
friction to a minimum, thus preventing any tendency to 
sluggish action. By means of an oil relay valve the 
movement of the governor sleeve is transmitted to the 
throttle valve through an oil-operated piston, which is 
of ample power to move the throttle valve in unison 
with the movement of the governor sleeve. To ensure 
protection from the danger of overspeeding an emerg- 
ency governor of the unbalanced ring type is fitted to 
the main governor spindle, and is set at 10 per cent. 
above the normal speed of the machine. This governor 
when the tripping speed is reached releases a trigger, 
which in turn brings into operation a powerful spring, 
thus closing the emergency valve, this valve being 
placed between and independent of the throttle and 
stop valves. A steam strainer is placed between the 
stop valve and emergency valve. Any danger to the 
bearings from failure of the oil supply is obviated by 
the spring in the oil-pressure cylinder, which closes 
the throttle valve whenever the oil pressure fails. 

Turbine driving has now been successfully applied to 
many of the large circulating pumps. The demand of 
the main turbines for high vacuum adds considerably 
to the importance of the condensing plant, and both 
air and water extraction and circulating water pumps 
must be driven by a particularly reliable source of 
power. It is in this respect that the turbine drive 
excels and an engine-room staff ‘which has become used 
to turbine conditions will be more au fait with turbine- 
driven auxiliaries. The tendency is to introduce a 
reducing gear between the turbine and pumps in order 
to obtain better economy in steam consumption. In 
this connection it may be mentioned that a recent 
example of a geared turbine pump, with a reduction 
from 4,000 to 600 r.p.m. delivering 22,000 gallons per 
minute against a head of 22 ft. had a steam consump- 
tion only half that of a direct turbine-driven pump of 
similar output constructed a few years ago. It might 
be of interest to compare the steam consumptions of 
these two types of circulating pumps under the same 
steam conditions and an engine-driven set. 


Steam Consumptions. 








Turb-ne Turbine 
Direct- Gear- | Engine- 
—_—— | driven driven | driven 
| Centrifugal | Centrifugal | Centrifugal 
Pump. Pump. Pump. 
Revolutions per minute 
of pump ee -.| 770 600 515 
Quantity of water deli- 
vered per minute .| 22,000 gals, 22,000 gals.| 20,250 gals. 
Head he oe ++} 22 ft, 22 ft. 22-2 ft. 
Steam consumption, Ib. | 
per hour és ..| 19,870 9,744 9,080 
Lb, of steam per W.H.P. | 155 66 | 66-6 





The curves in Fig. 1 indicate very clearly the saving 


in_steam consumption over a considerable range of 


driven set. 
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Fie. 2. TuRBINE-DRIVEN SALVAGE 
Biter Pump For Borer Rooms. 
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output of the geared set as compared with the direct- 
The pump speed of the geared set was 
somewhat lower than that of the direct-driven pump, 
a very desirable feature from the point of view of the 
design of the pump, whilst the turbine of the geared 
set ran at about six times the speed of the direct-driven 
set permitting the use of a single turbine wheel of 18-in. 
diam. as against two wheels of 334-in. diam. for the 
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thus permitting the turbine pump to be placed in a 
space quite inadequate for the engine-driven pump. 
An interesting example of the adaptability of the 
turbine to the driving of vertical spindle pumps is seen 
in the pipeless bilge pump specially designed for instal- 
ling in boiler-rooms (Fig. 2). This pump has many 
interesting features. It is driven from the turbine by 
means of a vertical intermediate shaft, which can be 








TURBINE-DRIVEN CENTRIFUGAL CIRCULATING 
Pomp Drrect-Driven. 








Fic. 4. TuRBINE-DRIvVEN CENTRIFUGAL 
CIRCULATING Pump GEAR-DRIVEN. 
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direct-driven set. The space occupied by the geared 
set was very little more than the direct-driven set (Fig.3). 
and being vertical spindle pumps this difference was in 
a vertical direction only (Fig. 4). A comparison between 
the engine-driven circulating pump and a geared turbine 
pump shows that in steam consumption the latter is 
not inferior on test. An important feature, however, 
in favour of the turbine pump is the space occupied, 
especially with the vertical spindle pump, which is 
frequently adopted in the case of the turbine drive. 





The actual floor space in this case is surprisingly small, 
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TURBINE-DRIVEN BoiLER-FEED Pump. 





Fig. 7. Tursrne-Driven Evectric GENERATING SET. 


made of any reasonable length, thus enabling the turbine 
itself to be placed well above the water-line. To compen- 
sate for any lack of alignment between the turbine and 
the pump, this intermediate shaft is connected to the 
turbine spindle by a flexible coupling, while the whole 
weight of the rotating parts is carried on Michell thrust 
bearings, one above and one below the flexible coupling. 
The turbine is of the single-stage impulse type. Both 
pump and turbine bearings are automatically lubri- 
cated, the pump bearings being of lignum vite, water 
lubricated from the pump itself; while the turbine 
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lubrication is provided by a gear-driven oil pump. A 
novel feature is that as the pump is mounted directly on 
the tank top or inner bottom of the vessel, there is no 
pipe-work, this arrangement enabling it to draw direct 
from the bilge through a removable strainer and dis- 
charge through a non-return valve. Thus, not only are 
the usual risks of pipe damage avoided but the first cost 
and weight of the installation is considerably reduced, 
with the result that the set is very compact and light, 
only weighing 43 cwt. in all. 

The turbine-driven centrifugal feed pump (Fig. 5) may 
be cited as another 'example of the value of this drive. 


. The duty in question demands strength and reliability, 


which are the outstanding qualities of a turbine-driven 
installation. The turbine-driven boiler-feed pump 
occupies very little space, and on account of the high 
speed at which it runs the weight per brake horse-power 
developed is low. The steam turbine utilised to drive 
the pump has a single wheel with three rows of blades 
and all bearings are cooled and lubricated with oil 
supplied under pressure. A feature of the turbine- 
driven boiler-feed pump is that the speed of the unit 
may be varied automatically so as to give a constant 
pressure at the discharge branch of the pump, with a 
very wide range of quantities. The delivery from the 
pump is steady, continuous and without pulsation, and 
the pipes are not subject to shock. The pump is 
fitted with an automatic balancing device, and this will 
work satisfactorily even when the pump is delivering 
very small quantities of water. This enables the unit 
to feed the boilers economically when the ship puts 
into port. The automatic pressure governor fitted is 
simple in construction, and the principle of working is 
as follows: the throttle valve is controlled by a spring? 
loaded piston operated by the water pressure at the 
pump discharge. Should the quantity delivered be 
smaller than normal, the pressure on the pump has a 
tendency to rise automatically. This has the effect 
of overcoming the resistance of the spring and closing 
the throttle valve, thereby reducing the speed of the 
turbine. An emergency governor of the unbalanced 
ring type is also fitted, and is arranged to shut off the 
supply of steam from the turbine through a trip 
mechanism when a pre-determined speed is exceeded. 
The pump is mounted below the level of the feed tank, 
as the temperature of feed water is usually high enough 
to prohibit any suction lift. The pump shaft is of 
nickel steel fitted with renewable bronze liners, and the 
impellers and guide rings are constructed of a special 
quality of high-tensile bronze. 

Much more attention is paid nowadays to the ques- 


Space OccuptEeD BY AUXILIARIES. 


| may have vertical, horizontal, or inclined shafts (Fig. 6). 
On ships there is frequently so little room allowed for 
them that a different design is needed for each indi- 
vidual case. Whereas, until recently, the turbine was 
directly connected to the fan, the present practice 
tends to take advantage of reducing gears in order to 
utilise a small and more efficient turbine wheel running 
at a high speed, whilst at the same time keeping the 
speed of the fan down to a convenient limit with respect 
to high efficiency and moderate stresses. In all cases 
forced lubrication is adopted, and particular attention 
is paid to the bearing which carries the overhung fan 
wheel. The space provided for boiler-room fans is 
usually restricted and inconvenient of access, and it is 
under these conditions that the attributes of the 
turbine-driven fan, either geared or direct, show up to 
best advantage, as the space occupied and the atten- 
tion required by the turbine-driven fan are much less 
than those required by engine-driven fans. Also acces- 
sibility is of less consequence when renewals and over- 
hauls are less frequently required, as is the case with 
the turbine-driven set. Among the other advantages 
of turbo-driven fans may be noted that they may be 
small and light for a given output; that they may he 
bolted up to the deck, thus enabling the fan flats to 
be dispensed with. 

After the position and space occupied by the main 
propelling machinery has been fixed upon, the auxiliary 
machinery on board ship has to be disposed to best 
advantage with respect to its purpose. The space for 
the auxiliaries is thus often cramped, but as the satis- 
factory running of the ship is absolutely dependent on 
each and every one of the auxiliaries performing its 
specific duty, no effort must be spared in arranging 
each auxiliary convenient to its work and accessible 
for attention and overhauling. The turbine-driven 
auxiliary, by reason of the smaller space occupied, its 
simplicity of construction, and the accessibility of its 
vital parts for overhauling, permits of its being placed 
where the engine-driven auxiliary could only, if at all, 
be placed to serious disadvantage. Further, in the case of 
the turbo-generator (Fig. 7), it can be located on a gallery 
with small headroom, and light supporting structure. 
The engine-driven set, on the other hand, must have 
considerable headroom, both on account of its greater 
height and for removal of the pistons, and must have 
substantial support to take the unbalanced recipro- 
cating forces which would otherwise cause severe vibra- 
tion. The comparison of the space occupied by the 
turbine- and engine-driven auxiliaries is shown in the 
following table :— 
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Turbine. Occupied. Per cent, 
| Saving 
es | ie ee ee in 
Length. | Width. | Height. | Length. Width. | Height. | Turbine. | Engine. | Space. 
| | | { 
Electric Generators. 
| ft. ie 6d th ie SR fee fice Seb tie ~ ie o | } 
400KW: ss, se tot 16 OO Le OT 8” OSE 9 Oe! ‘Ol nieieO | S40 | 2500 | 79 
100 kw. .. we as Gis -Gvpe4 6 | 10 9 | 5 3 | 8 0 190 | 450 | 58 
Circulating Pumps. 
29,000 G.P.M. 38-ft. head | 12 oe Fy 2 @ & 7 0 | 12 Qrriz 6 112 0 | 590 | 1,080 45 
22,000 G.P.M. 22-ft.head} 5 6 | 4 9 {10 O110 31/5 o|10 38 260 | 525 50 
Boiler-room Fans. 
50,000 cub. ft./min. 6-in. | | | | | | | | 
W.G. a ros 6 | 5 0 5 0 | 5& a 4/8 6 | 162 | 325 50 





Weights given in Cw!. per Set. 








| 
| | Per cent. 
— | Turbine. | Engine. | Saving in 
| ; | Weight. 
EE : \ 
Electrie Generators. 
400 kw... AS a 254 | 686 | 63 
100 kw. .. 18 <n 78 160 | 51 
Circulating Pumps. 
29,000 G.P.M. 38-ft. head | 145 | 230 37 
22,000 G.P.M. 22-ft. head | 90 105 15 
Boiler-room Fans. 
50,000 cub. ft. 6 in. W.G. | 19 ! 26 | 27 





tion of the supply of air to boiler-rooms than was 
formerly the case, and that an economical and highly 
efficient supply can be obtained by steam turbine- 
driven fans is evident from the large number of such 
sets that have been installed in recent years. It is 
necessary, however, to provide for adequate and pro- 
perly designed deck intakes, cowls, weather flaps and 
shutters, so as to allow the air to flow without loss 
due to eddy currents ; while at the same time the possi- 
bility of the entry of water must be prevented. The fans 


It is worthy of note that as the power of the auxiliary 
increases the advantage in space occupied by the turbine 
driven set becomes more marked. A considerable saving 
in net weight can be shown when the turbine-driven 
auxiliary is substituted for its engine-driven counter- 
part, and the table in the previous column shows what 
can be done in this respect—the weights being those 
of exactly similar power and capacity. 








| 


| Curmxe Time Compurer.—We have received from 


Mr. T. Pilkington, M.I.Mech.E., of 386, |Euston-road, 
London, N.W. 1, a cutting time computer, intended to 
facilitate the estimation of the time needed for various 
machinery operations such as planing, turning, milling, 
drilling and screw-cutting. The instrument takes the 
form of a compound slide rule, and by setting the com- 
ponents as described in the directions for use the time 
required to plane with stated feeds and cutting speeds, 
say an area of 4 ft. by 18 in., can be read off directly. The 
scales embodied in the rule make provision for different 
speeds on both the cutting and on the return stroke, and 
certain curves provided at the back of the rule show co- 
efficients by which the curves, obtained as above described, 
must be multiplied to allow for “‘ over run.’’ Other 
scales embodied in the instrument enable the times taken 
for the other machining operations, above mentioned, 
to be determined in a similar way. The computer can 
be obtained from Mr. Pilkington at the address given, at 
the price of 9s. 6d. 








THE FUTURE OF MAIN-LINE ELECTRIFI- 
CATION ON BRITISH RAILWAYS.* 
By Lieut.-Colonel H. E. O’Brien, D.S.O. 
(Concluded from page 450.) 

To obtain a fairly reliable estimate of the ton-miles 
for any railway system it is first necessary to obtain 
figures for the average weight of each class of train. 
From the coal per engine-mile and the coal per gross 
ton-mile as ascertained by test, it is possible to estimate 
the gross weight of each class of train. An arbitrary 
estimate of the weight of locomotive enables a deduc- 
tion to be made for this, leaving the trailing weight of 
each class of train. 

In the case of freight trains the average trailing load 
thus obtained may be checked by taking from the 
statistics the number of wagons per freight train and 
the average net tons of load per train; by assuming 
an average tare weight for the wagons the trailing tons 
weight of freight train may thus be ascertained. The 
figures obtained by these two different methods may 
be further examined in the light of the actual average 
weights of both passenger and freight trains taken over 
two days at a period of the year when traffic is fairly 
heavy on a 100-mile double-track section of main line 
carrying mainly through traffic, and with an average 
weight of train for the same section obtained in a 
different way. Figures obtained on this method 
show a fair measure of agreement and are sufficient to 
demonstrate that the assumption, for the purpose of 
calculating ton-miles per mile of single track of an aver- 
age trailing train weight for all classes of traffic of 
250 tons, is fairly correct, and, if anything, gives the 
advantage to the steam locomotive when the figure is 
used as a basis for traffic density and the units per 
engine-mile. 

Table V, page 480, shows how, on the basis of the cost 
of electrification of 100 miles of double track, the cost of 
the equivalent of 1,000 watt-hours at the tread of the 
electric locomotive wheels in relation to the density of 
traffic in trailing ton-miles per mile of track per annum 
is built up. From the assumption that the gross train 
weight, i.e., that of the locomotive plus the trailing 
load, is 320 tons, the units required per engine-mile 
and the cost of current per engine-mile are deduced ; 
it will be noted that this cost of current includes all 
fixed charges. It appears that the cost of current will 
always be higher per engine-mile than that of coal per 
engine-mile delivered to the locomotive running shed, 
but that at any density of traffic equal to or higher than 
2,300,000 trailing ton-miles per track-mile per annum, 
the lower costs of operation of the electric tractor more 
than compensate for this increase in the cost of energy. 
Table VI shows the application of this current cost to 
the whole cost of locomotive operation and the conse- 
quent reduction which may be expected in the total 
cost of locomotive operation per engine-mile in relation 
to the density of traffic. 

Fig. 1 (page 449 ante) shows the cost per unit at the 
locomotive wheel and the reduction of cost per engine- 
mile due to electrification. It also shows the corre- 
sponding costs if the cost of current is taken at 0-5d. 
per unit instead of 0-4d. and the cost of track equip- 
ment increased by 10 per cent. The figures have been 
taken on a very conservative basis so that it may be 
assumed that, even discounting to some extent the 
reduction in operating costs, main-line electrification is 
worth carrying out at a density of 3,000,000 or more 
trailing ton-miles per track-mile per annum. 

It will be noticed that no addition has been made 
to the cost per engine-mile for electric working to cover 
any capital charges on the new locomotives that would 
have to be provided to replace steam locomotives. 
This charge does not arise, because the whole cost will 
be borne by the renewal fund. The ratio of the cost 
of the electric locomotive to the cost of the steam loco- 
motive for equal drawbar pull and drawbar horse- 
power is less than 1-7 : 1 on the average, but, as the 
annual mileage per electric locomotive will be double 
or more than double. that of the steam locomotive, the 
total cost of the new electric rolling-stock will not be 
as great as that of the steam locomotives which are 
replaced. 

The application of these figures of traffic density 
with the consequent costs to the actual traffic densities 
of British railways is a matter of some difficulty. To 
assist in giving a correct picture of traffic densities, 
Table VII has been prepared. This shows the traffic 
densities on some of the principal former railway sys- 
tems in engine-miles per mile of single track, exclusive 
of sidings; the same for certain electrified lines; the 
coal per engine-mile; the average weight of train 
based on coal per engine-mile and the experimental 
figure of 0-175 lb. of coal per gross ton-mile; and the 
consequent density of traffic in trailing ton-miles per 
track-mile per annum. 

It will be seen that, taken as a whole, most of the 





* Abstract of paper read before the Institution of 
Electrical Engineers on Thursday, March 27. 
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systems fall within the category of possible successful 
main-line electrifications. 

As each of these large systems includes many branch 
lines with very 8 traffic which could not be 
profitably electrified, it follows that the main traffic 
routes must have much higher traffic densities and that 
electrification on the score of reduced costs for loco- 
motive maintenance and operation alone will be 
remunerative. 

The figures given in the paper indicate that mainline 





ENGINEERING. 


[APRIL II, 1924. 








may accrue due to main-line electrification or the | six, and probably from eight, generating stations ; 
possibilities of accelerated schedules and the consequent | consequently the length of high-tension transmission 
growth of traffic, but a substantial increment to the/| lines would not bear as large a ratio to the route 


increased net profits indicated is undoubtedly obtain- 
able from traffic sources. It is necessary also to 
emphasize the fact (already taken into account by the 
French Government and railway managements) that 
an extensive electrification brings a cheap and abundant 
supply of electricity to large areas of the country 
now devoid of such supplies. 


mileage as has been used in Table 5. The use of 
cables would raise the price of current to a prohibitive 
figure, and therefore overhead transmission is practically 
eompulsory. Such transmissions, however, are not 
desirable on the railway itself, not only on account of 
difficulties in finding a route for the transmission line 
but also on account of the undoubted interference 








TABLE V.—RELATION OF COST OF CURRENT PER ENGINE-MILE TO TRAFFIC DENSITY PER TRACK-MILE. 






























































Track Cost of 
equip- Lt. unit 
H.T ment. without 
Number trans- main- fixed 
Gross ton- of units Cost of Cost of mission | tenance Total charges, 
miles per per 100 high- track Deprecia- main- at £50 fixed Fixed allowing | Total 
100 route- route- tension equip- tion on tenance | per mile | charges :| charges for cost 
Traffic miles of niles trans- Cost of ment, 5 per Sub- at £20 | of track | interest, {| per lt. | efficiency] perlt. | Cost of 
density in | Density : |double track. | at loco- mission sub- including Interest cent. station | per mile plus deprecia-| unitat | of trans-| equiva- | current 
trailing | engine- (Ratio of motive | linesand| stations | special Total at sinking | wages and addi- tion, loco- mission, ent per 
ton-miles | miles per gross wheel step-up | for 200 | work for cost 5 per fund and 1 per tional | operation] motive | conver- | unit at | engine- 
per track-| track- ton-miles tread, trans- track- | junctions (A). cent per basis main- cent. per} cost of and wheel | sion, and loco- mile. 
mile, mile per | to trailing | based on | formers miles. and annum. | (25 years} tenance. | annum. main- main- tread. | electrical | motive 
excluding | annum. ton-miles 30-watt for 200 sidings == (A) for tenance | tenance. and wheel. 
sidings. 320 hours track for 200 x 0-021 step-up | of track mechani- 
= 57, =1°28)| per gross miles. track trans- at £20 cal 
250 ton-mile, miles. formers. | per track- efficiency 
mile per of 
annum. loco- 
' motive. 
| 
' 
ton-miles, ton-miles. £ £ £ £ £ | £ £ £ £ £ 
2,000,000 8,000 | 512,000,000 | 15,360,000 | 197,000 | 204,000 | 500,000 | 901,000 | 45,050 | 18,920 6,000 1,770 14,000 85,740 1-34 0-6 1-94 18-6 
3,000,000 | 12,000 | 768,000,000 | 23,040,000 | 201,000 | 263,000 | 500,000 | 964,000 | 48,200 | 20,245 6,000 1,840 14,000 90,285 0-940 0-6 1-540 14:8 
4,000,000 | 16,000 |1,024,000,000 | 30,720,000 | 215,000 | 263,000 | 500,000 | 978,000 | 48,900 | 20,540 6,000 1,920 14,000 91,360 0-713 0-6 1-313 12-6 
5,000,000 | 20,000 |1,280,000,000 | 38,400,000} 223,000 | 322,000 | 500,000 |1,045,000 | 52,250 | 21,945 |. 7,000 2,000 14,000 97,195 0-607 0-6 1-207 11-6 
6,000,000 | 24,000 /|1,536,000,000 | 46,080,000 | 227,000 | 360,000 | 500,000 {1,087,000 | 54,350 | 22,830 8,000 2,080 14,000 | 101,260 0-528 0-6 1-13 10-85 
7,000,000 | 28,000 |1,792,000,000 | 53,760,000} 245,000 | 392,000 | 500,000 |1,137,000 56,850 | 23,880 9,000 2,160 14,000 | 105,890 0-473 0-6 1-073 10-32 
8,000,000 | 32,000 |2,048,000,000 | 61,440,000} 249,000 | 454,000 | 500,000 1,203,000 | 60,150 | 25,260 | 10,000 2,230 14,000 | 111,640 0-436 0-6 1-036 95 
Units per engine-mile are based on 250 trailing and 320 gross ton-miles per engine-mile. This low figure is due to the inclusion of shunting-miles in engine-miles. Units per 


engine-mile = 320 ton-miles x 30 watt-hours per 
to 0°1 sq. in. 


installed, 
per cent. of total track-miles). 


Pole line, exclusive of copper, taken at 2,0002. per mile. 
maximum hourly load of power station in each case with 50 per cent. load factor: 4 in service and 2 stand-by taken at 17. per kw. 
Substation wages based on partial automatic operation. 
Cost of track equipment for sidings taken at half main-line cost. 


ton-mile = 9-6, 


Track cost based on 2,000J. per mile a 


TABLE VI.--Repvuction 1x Oprratinc Cost PER ENGINE MILE, DUE TO ELECTRIFICATION, FOR VARIOUS 
TraFFic DENSITIES. 





Traflic density 
in engine-miles 


Traffic density : per track-mile, | Cost of electric Total cost of Cost of steam 
Trailing ton- [Trailing ton- locomotive Cost of current | electric locomo- locomotive Economy per 
miles per track- train-miles operation per per engine-mile. tive operation operation engine-mile. 
mile. average trailing engine-mile. per engine-mile. | per engine-mile.* 


weight of train 
(250) tons. ] 

















ton-miles. d. d, d. d. d. 
2, ,000 8, 8-90 18-6 27°5 26-24 1-26 loss 
3,000,000 12,000 8-90 14-8 23-7 26-24 2-54 
4,000,000 16, 8-90 12-6 21-5 26-24 4-74 
5,000,000 20,000 8-90 11-6 20-5 26-24 5-74 

J ,000 24,000 8-90 10-85 19-75 26-24 6-49 
7,000,000 28,000 8-90 10-32 19-22 26-24 7-02 
8,000, 32,000 8-90 9-95 18-85 26-24 7-39 














* Coal 7-40d. per engine-mile, based on 60 Ib. per engine-mile 
Table 8). Total = 26-24d. 


at 23s. per ton; other charges per engine mile = 18-84d. (see 


Transmission costs are based on overhead conductor, duplicate, varying in size from 0-05 sq. in. 
H.T. circuit 80 miles at 44,000 volts, 3-phase. 


Step-up transformers are based on the 
Substation costs based on 121. per kw. 
nd 10 per cent. for special work and 60 miles of sidings 23 


Ten per cent. added for special work at junctions on main line. 


; troubles which would arise in connection with tele- 
|graph, telephone and signal circuits. The power 
company or municipal stations giving the supplies 
will therefore be obliged to construct overhead trans- 
| mission lines to the points chosen by the railway 
| company for their substations. The existing electricity 
| supply areas are such as to make it probable thatja 
| number of Special Orders would be required, and it 
| would seem that some legislation is desirable which 
| would facilitate the construction of such transmission 
lines for railway-supply purposes. 
| The track equipment will in the main be on the third- 
| rail system, but considerations of continuity of contact 
|at junctions, particularly with reference to freight 
| locomotive operation, will necessitate short lengths 
| of overhead distribution, thus involving the provision 
| of both collector shoes and bows on the locomotives. 
| As the overhead collector must be clear above the 
| structure gauge, the bow in its “‘ up ” position fouls the 


| 


‘structure gauge, and means will therefore have to 


TABLE VII.—DENSITY OF TRAFFIC ON VARIOUS BRITISH RAILWAYS AND SECTIONS OF THESE RAILWAYS, 
AS DERIVED FROM THE MINISTRY OF TRANSPORT STATISTICS. 
























































ane a 
miles per | miles per affic : 
Miles of single track. track- | track- oo Die toni 
> > | eC. 
Per- Total Total including | excluding | per gross Coal -ininaai 
____| centage steam steam shunting | shunting | ton-mile, per Gross Assumed | Trailing 
Railway. of engine-miles,| engine-miles, and and dynamo- engine- | weight of | weight of | weight of — 
sidings including excluding | excluding | excluding meter mile for train. engine. train. 
Exclud- to total shunting shunting sidings, sidings, car all Including | Excluding 
ing Sidings mileage. per per figure. services. (Z). shunting. | shunting. 
Sidings. | only. Total. (Y). (Y’). annum annum. Y y’ 
a @ | @ (xn) | >) 
x x) ; 
miles. | miles. | miles. | per cent. lb. Ib. tons tons. tons. 
Bs se aa 5,738 2,358 8,096 29-0 96,791,748 61,535,618 16,870 10,750 0-175 58-84 336 ‘90 246 4,150,000 | 2,640,000 
eck a0 -. | 3,569 1,831 5,400 33-9 64,344,572 42,566,799 18,000 11,950 0-175 52-89 302 90 212 3,820,000 | 2,540,000 
- <. ee 4) 1,981 900 2,881 31-3 25,292,037 17,548,228 12,750 8,850 0-175 64-21 367 90 277 3,530,000 | 2,450,000 
DY .< i. .. | 1,700 456 | 2,156 21-2 | 21,340,245 | 15,262,542 12,560 8,950 0-175 39-81 228 90 138 1,734,000 | 1,235,000 
E - .. | 1,291 348 | 1,639 21-3 | 18,741,835 | 13,525,692 14,500 10,450 0-175 49-98 286 90 196 2,840,000 | 2,050,000 
F 901 354 1,255 28-2 13,812,566 10,887,363 15,300 12,050 0-175 44-69 255 90 165 2,525,000 | 1,990,000 
Se s 4 200 — —_ — ,000,000 - 20,000 — 0-175 60-0 343 90 253 5,060,000 ater 
wi. Leg +f B82 732 | 2,955 24-8 000, 28,840,000 16,200 12,970 0-175 60- 343 90 253 4,100,000 | 3,280,000 
J (electric) ee 112 9 121 7-4 2,360,332 2,264,113 21,000 20,200 0-371 57-7 155 49 106 2,225,000 ; 2,140,000 
K (electric) oe 166 15 181 8-3 3,780,864 3,775,735 22,900 22,880 — —_ _ — Fa aad = 
L (electric) W 63 7 70 10-0 1,266,276 1,252,075 20,100 19,900 ae | —_ _ —_— = a > 
| 





electrification is a probable source of largely increased 
revenue, and that a thorough investigation of the 
possibilities of electrification in connection with the 
main arteries of railway traffic is very desirable. The 
author has confined himself strictly to the economies 
obtainable under Abstracts B and C of the railway 
accounts, omitting the cost of engine renewals which is 
assumed to be the same. 





It is not within the ambit of a railway electrical 
engineer to discuss the possible traffic economies which 





Assuming that after full investigation of the operating 
conditions on a considerable section of main line 
comprising, say, 1,500 miles of track it were found 
that the author’s broad conclusions were fully justified, 
so that the method of electrification became an imme- 
diate problem, there would be several difficult points 
to consider. 

Such an electrification covering possibly 500 miles 
of route would not be supplied by a single generating 
station, but would probably be supplied from at least 








be provided whereby the bow automatically rises to 
t any stretch of overhead trolley and automatically 
falls when it leaves it, or, alternatively, every over- 
bridge and tunnel will have to. be equipped with a 
dummy trolley. Unless means are provided for making 
the bow dead when the third-rail shoes are alive, these 
dummy sections will have to be insulated for the full 
line pressure. : weit, 
The cost of electrification of sidings is of importance. 
It will be observed from column 5 of Table 5 that the 
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mileage of sidings on a railway system with heavy 
traffic represents from 20 to 30 per cent. of the total 
track mileage. In addition to these railway-owned 
sidings, there is a large mileage of privately-owned 
sidings over which railway companies’ locomotives 
work. It has not yet been possible to determine 
whether sidings would be more economically dealt 
with by electrification with overhead conductors or 
by operation with storage-battery locomotives. Pro- 
bably both methods would be adopted. In some cases 
the cost of the overhead work for the sidings would be 
nearly as high as for the main track. The work 
carried out at Melbourne in connection with Flinders- 
street and that done on the Newport-Shildon line, 
however, give grounds for assuming that it is probable 
that as a whole the cost per mile of electrification of 
the sidings would not exceed half that of the main 
tracks. 

The provision of electric locomotives capable of the 
maximum utilisation of traffic, which is of the utmost 
importance in view of their capacity for continuous 
traffic, is perhaps the most difficult problem of all. 
Its solution is, however, facilitated by the approxima- 
tion of the speed of freight and passenger trains made 
possible by electric traction. 

The advantage of the increased speed possible 
with freight trains hauled by electric locomotives 
was very clearly brought out by Mr. Watson in the 
discussion on Sir Philip Dawson’s paper on “ The 
Financial Prospects of Railway Electrification,” read 
before the Institute of Transport on May 7, 1923. 
Mr. Watson stated that there were two speeds of 
passenger trains between York and Newcastle, 
and five speeds for freight trains; in consequence, 
there was a large waste of engine time by trains of 
lower priority having to give preference to those of 
higher priority. Electrification was going to reduce 
these seven speeds to three: 90 per cent. of the train 
mileage would be run at two speeds only, namely, 
60 m.p.h. for fast expresses and 30 m.p.h. for stopping 
passenger trains and freight trains. 

The speed of freight trains is in general limited by 
(1) the brake power available, and (2) the efficiency 
of axle-box lubrication. In regard to the latter, the 
existence of a very large number of grease-lubricated 
axle boxes is the limiting feature. Maximum speeds 
of 45 m.p.h. are, however, usual with these grease 
boxes, and the average speed can obviously be raised 
very considerably. The electric locomotive can be 
braked in new designs to a greater extent than the 
average of the steam freight locomotives now in use. 
The utilisation of field control also permits of a very 
wide range of speed with a comparatively small per- 
centage of weight variation in the motors. Standardiza- 
tion of design and the use of a minimum number of 
types will therefore be essential conditions of success. 
From the experience gained in France and elsewhere 
it would seem that three types should suffice for the 
new conditions which will be brought about by 
electrification. 

To improve brake control on routes with heavy 
gradients, electrification makes it possible to equip 
a certain number of freight brake-vans with collecting 
shoes, vacuum reservoir, and vacuum pump and vacuum 
brake gear, thus giving, in case of a break-loose on a 
rising grade, the goods guard a control over the train 
much superior to that possible under steam conditions. 

Most difficult of all of solution is the problem of 
making the main-line express or freight locomotive 
perfectly safe to operate with one man. This will be 
a matter for future consideration and, obviously, at 
the outset of the electrification locomotives handling 
heavy trains or trains running long distances without 
a stop will be operated by two men as at present. It 
may be mentioned that locomotives under 1,000 h.p. 
are to-day operated by one man on the Loetschberg 
Railway. 

It is evident that such far-reaching changes in the 
equipment of British railway systems will of necessity 
bring with them many radical alterations in methods 
of operation. If the fullest advantage is to be taken 
of the capabilities of the new system of traction, 
operating officers will have to adjust their methods 
to these new conditions. 

The author wishes to acknowledge the assistance he 
has received from the writings of many other workers 
in the field of electric traction, particularly the papers 
of Sir Vincent Raven, Mr. Roger Smith, Mr. Parodi 
and Mr. Bachellery. 





THE PHYSICAL SOCIETY OF LONDON. 


AT a meeting of this society held on March 14, 
at the Imperial College of Science, with Mr. F. E. 
Smith, C.B.E., F.R.S., in the chair, the following 
papers were read :— 

1. “A New Photo-Electric and Ionisation Effect,” 
by U. A. Oschwald, B.Sc., and A. G. Tarrant, B.Sc., 
was read by Mr. Tarrant. The paper pointed out that 
for the discharge in a neon lamp to start a certain 








minimum, voltage was necessary. This voltage was 
found to be affected very considerably by light or 
other ionising agents external to the lamp. The 
writers had investigated the light effect in some detail, 
and recorded that it was produced by illumination of 
any intensity above a very low value (0°01 foot- 
candles producing an appreciable effect), that it was 
caused by rays of a broad wave-band in the visible 
spectrum, with a maximum effect in the orange, and 
that the seat of the effect was located on the surface of 
both the metal electrodes, irrespective of polarity. 
A similar effect, but one whose mechanism was believed 
to be different, was found ‘to be caused by rays from 
uranium oxide and from an X-ray tube. In the latter 
case it was extremely well marked, so that it was pos- 
sible to detect by this means X-rays from a very feeble 
tube at a distance of 90 ft. 

Discussion.—Mr. J. W. Ryde said the action of 
radioactive substances and X-rays in reducing the 
starting potential of gas discharges was well known. 
Hemptinne, in Comptes Rendus, 1901, showed that the 
discharge in vacuum tubes began at lower potentials 
when under the influence of radium. Elster and 
Geitel in 1899 showed the same for the spark discharge 
in air. In 1896 Warburg found that in a vacuum tube 
filled with hydrogen at 11 mm. pressure, with platinum 
electrodes 4°5 cm. apart, the starting potential was 
960 volts in daylight, 1,080 in the light of an arc lamp, 
1,260 in the light of an arc through glass and still 
greater in the dark. The effect on the lag was con- 
siderably greater, thus when in the dark the discharge 
did not always pass, even when the potential was about 
nine times that required to start it every time when 
illuminated from the arc. 

The present authors mentioned that they had found 
that the maximum effect was produced by orange 
light. He did not see how they can make quite so 
definite a statement as.this as they did not appear 
to have taken into account the energy distribution 
of the source they used. In the case of radiation from 
a black body at about 3,000 deg. K. the energy of the 
yellow was of the order of 10 times that of the violet 
radiation, so that it was possible that the violet and 
ultra-violet radiations might be really more effective 
than the orange. 

He first noticed this effect in Osglim lamps in 1921. 
Later it was particularly obvious when we started 
to make photographic dark-room lamps by staining 
the bulb of Osglim lamps a deep red. Warburg and 
others might show the considerable effects, produced 
by impurities, on the cathode fall and starting poten- 
tial, and it might be stated that in general no reliable 
fundamental results were to be obtained from observa- 
tions on discharge tubes unless the greatest precautions 
were taken to purify the gases used. Mr. Ryde said 
his first investigation was made on the effect in very 
pure gases. The results were as follows: Pure helium 
with electrodes of Ni showed an average difference 
between dark and dim light of 1 volt and between 
dark and very bright light 1 volt. Pure Ne, He 
mixture in tubes with electrodes of Fe, Ni, Mn, Al, 
very doubtful effect, if any. Oxidised iron electrodes 
were also tried, but with still practically no effect. 
Very pure nitrogen with Ni electrodes gave very small 
effect, if any. Pure hydrogen with Fe and Ni elec- 
trodes was then tried, as, according’ to Warburg’s 
results, this should show the effect. The starting 
voltage in the dark was found to be 242 volts, but 
with very dim illumination it was 9 volts less, and in 
very strong light 10 volts below that in the dark. 
Next, mixtures of rare gases were tried with various 
metals as electrodes, but with no appreciable effect. 
Thus with a mixture of He and A the starting voltage 
was 260 volts, both in the light and dark, butin a similar 
tube having in addition a trace of hydrogen gave 212 
volts in the dark and 210 in the light. Thus the effect 
seemed to be connected with the presence of hydrogen, 
so that the next experiments were conducted on 
mixtures of the rare gases and hydrogen with the 
following results :—Argon and 15 per cent. H, with Fe 
electrodes gave an average difference between light and 
dark values of 5 volts, and with Ni electrodes 10 volts 
Ne, He, and 2 per cent. H,: Fe, very brightly polished 
showed three volts difference. Fe, surface of elec- 
trodes cleaned in situ by cathode sputtering, showed 
0 volts difference. Fe, Osglim star lamp, showed 15 
volts difference. Ni showed 5 volts difference. 

When during the manufacture of Osglim lamps a 
heavy discharge was passed through them to get the 
gas out of the metal parts, occasionally films were seen 
to appear on the electrodes. They were of three types, 
one due to the presence of oxygen, due to a small leak 
in the apparatus, another was black, and was due to the 
sputtered metal from one electrode being deposited 
on the other, and a third was of a pale brown colour, 
often difficult to see. The cause of the last was some- 
what obscure, but seems to be connected with the pre- 
sence of water vapour and hydrogen. On trying 
tubes having these films it was found that those with 
oxide films gave very irregular results, but those 





with the brown films generally showed larger differences 
between the starting potential in the dark and light 
than any other he had investigated. A tube with 
Ne He + 2 per cent. H, with Fe electrodes (having 
brown film) gave a starting voltage of 215 in the dark 
and 43 volts less in strong light ; another gave 182 volts 
in the dark and 13 volts less in the light. Summaris- 
ing these results, which were only provisional, it was 
seen that the effect of light seems to be connected with 
the presence of hydrogen in the gas and of certain 
films (which might be practically invisible) on the elec- 
trodes. Further, with very pure gases the effect, if any, 
was doubtful. Whether the effect was due directly 
to the presence of H, or to the surface films associated 
with it and water vapour, it was too early to say. The 
evidence at present, however, pointed to the latter con- 
clusion. The fact that the authors found the effect 
in lamps bought some time ago, but not in those of rela- 
tively recent manufacture, might be ascribed to the fact 
that the manufacturers now knew more about the effects 
ei impurities, and greater care was taken to eliminate 
them. 
Dr. F. L. Hopwood said that he had repeated the 
authors’ experiments, as regards the effect of X-rays, 
with a powerful Coolidge tube. As a result of his 
experiences he strongly suspected that the lowering 
of the starting voltage was due to the electrostatic 
effect of the oscillating potential in the induction 
coil used in the X-ray apparatus. On screening the 
lamp electrostatically he found a difference of only a 
volt or two between the starting voltages with and 
without X-rays, whereas he was able to produce a 
substantial lowering by vibrating an electrified rod 
in the neighbourhood of the lamp. Using 50 mg. of 
radium bromide he was unable to reproduce the authors’ 
results as regards the effect of radio-active bodies. He 
suggested that by using the induction coil without the 
X-ray tube, they might get results similar to those 
obtained with the tube connected. 

Dr. J. S. G. Thomas congratulated the authors on 
their striking demonstration. The phenomenon had 
recently been described by German investigators, who 
employed the intermittence effect discovered by Pear- 
son and Anson, which, however, they attributed to a 
German worker. They found that the period of the 
flash was affected by light, X-rays and moving electric 
charges, the frequency varying as the intensity of the 
light. The phenomenon might furnish a delicate 
photometric method. It was enhanced by the presence 
of potassium vapour in the bulb, a fact which favoured 
the suggestion that it was connected with the ordinary 
photoelectric effect. 

2. A paper on “‘ Certain Properties of the Osglim 
Neon-Filled Lamp,” by J. H. Shaxby, B.Sc., and E. J. 
Evans, B.Sc., was read by Mr. Shaxby. The paper 
stated that the characteristic’ (voltage and current) 
curve of the “ Osglim’”’ neon-filled lamp illustrated 
many of the properties of the discharge of electricity 
through rarefied gases. The identity of the sparking 
potential as that necessary to produce a minimal 
current through the gas, pointed out by Townsend, was 
clearly confirmed. Part of the characteristic was nega- 
tive, and this resulted in the lamp discharge becoming 
intermittent on a direct current supply over a certain 
range of external resistance, independently of any 
external condenser in the circuit. This tendency to a 
negative characteristic appeared whatever the current 
through the lamp, when any change was made in the 
circuit, and this produced instability at the moment 
of switching on the lamp, and in the case of A.C. 
supply caused an intermittent discharge during that 
part of the cycle, when, so far as the supplied volts 
was concerned, one would expect a continuous glow. 

3. A paper entitled ‘‘ Notes on Some Electrical 
Properties of the Neon Lamp,” by U. A. Oschwald, 
B.Sc., and A. G. Tarrant, B.Sc., was read by Mr. 
Tarrant. This consisted of selected portions of a more 
comprehensive survey, and therefore dealt with three 
isolated problems only, viz. :—{1) The wave form of an 
* oscillating”? neon-lamp. (2) The maximum fre- 
quency of an “ oscillating’’ neon lamp. (3) The per- 
sistence of the ionisation in a neon lamp. (1) By 
means of a special accurately timed switch, a neon 
lamp was thrown into the “‘ oscillating” state, and its 
voltage measured after any predetermined interval 
(from 0-005 to 0-5 seconds). Thus the voltage-time 
curve of the “oscillating” lamp was plotted. Very 
close agreement with theory was found. (2) A neon 
lamp was made to oscillate at its highest possible 
frequency, which was measured by a tuned circuit. 
Measured frequencies did not agree well in this case with 
theory, but a maximum frequency of about 95,000 was 
observed. (3) A neon lamp was run at such a voltage 
that if the discharge were interrupted for any consider- 
able time it would not restart the voltage being below 
the minimum starting voltage for the lamp. The 
circuit was interrupted by a special high-speed inter- 
rupter for separate single intervals down to 5 x 10-° 
seconds. In no case did the discharge restart, showing 
an ionisation persistence of less than this interval. 
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4. A paper on “ The Critical Resistance for Flashing 
of the Low-Voltage Neon Discharge Tube,” by J. Taylor, 
B.Sc., and W. Clarkson, B.Sc., was read by Mr. Taylor. 
The paper dealt with the resistance conditions necessary 
for the maintenance of the well-known phenomenon 
of ‘‘ flashing” of the neon discharge tube. It was 
shown theoretically that there is a critical value R., 
for the resistance in series with the neon tube, below 
which no flashes can be obtained. This critical value 
of the resistance expressed by the relation 
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the lower critical voltage, 7, the cathode fall of poten- 
tial (approximately), and & the conductance of the dis- 
charge tube. Experimental observations confirm this 
relation exactly in the case of the ‘‘ Osglim ” lamp. 

Discussion (on Papers Nos. 2, 3 and 4).—Mr. H. St. 
G. Anson mentioned that intermittence could be pro- 
duced by a totally different method, viz., by putting 
the lamp in a magnetic field and in series with a resist- 
ance. The frequency of the intermittence depended 
both on the field and on the series resistance. As this 
result could be obtained with field as small as that of 
the earth, it might account for some irregularities in 
repetition experiments. 

Mr. J. W. Ryde said there were a few points that he 
would like to raise in connection with Messrs. Shaxby 
and Evan’s paper. Their explanation of the fact that 
the current and potential took some time to reach 
steady values seemed to be quite incorrect. In the 
first place, the space charge near the cathode was a 
positive space charge, and “‘. . . driving more of the 
existing positive ions to the cathode...” would 
increase, not decrease it. Then the authors said, 
‘Gradually, however, the space charge re-establishes 
itself . . .”” Now it was well known that the time for 
the space charge to establish is of the order of a mil- 
lionth of a second, so it is difficult to see how this 
canfor a moment be accepted as an explanation of the 
time required to steady up. The generally accepted 
explanation of the time effect was that it is due to— 
(1) Changes in the amounts of impurities present in 
the gas which produce relatively enormous effects 
on the characteristics. (2) Changes in or formation 
of adsorbed gas layers on the surface of the cathode. 
(3) Changes in the charges on the glass walls of the bulb 
and insulating supports. 

The action of these effects on running the ordinary 
glow lamps was in general to increase the cathode fall, 
and therefore the voltage across the tube, and to 
decrease the current. After some time these reached 
equilibrium values, depending on the current and the 
potential across the electrodes. The instantaneous 
values of the voltage and current correspond to the 
particular state of the lamp at the time, hence “ steady 
value ” characteristics give little information of funda- 
mental importance. The state of the tube entered as 
a variable. Everyone knew that similar conditions 
applied to the taking of the characteristics of ‘“‘ soft” 
values. These effects explained the facts that the 
characteristics depend on the previous history of the 
lamp. The explanation of the observations that a 
sudden drop of the voltage to a value above 5 volts 
above the normal going out voltage results in the dis- 
charge stopping also immediately, follows. The current- 
voltage characteristic of the ordinary Osglim lamp, 
if taken after running it for some little time, is shifted 
up the voltage axis, so that the going out voltage in 
this condition is higher than it was before running. 
If it is shifted up more than, say, 5 volts (as it often 
is), then clearly the lamp will go out if the potential 
is suddenly lowered to 5 volts above the original 
“going out” value. If, however, the potential is 
very slowly lowered, the lamp has time to adjust 
itself to approximately its original condition, and it 
will not go out until the potential is roughly the first 
‘going out”’ value. He would take the opportunity 
to point out that it was of very little use to make 
any fundamental investigation on a commercial 
article such as a glow discharge lamp. It was well 
known that during the manufacture impurities, notably 
hydrogen, were deliberatly introduced into the gas, 
and in large scale manufacture traces of other impuri- 
ties naturally find their way in. Thus in various 
commercial glow lamps he had found traces of N,, CO, 
CO,, H,O, O, and Hg vapour, in addition to the im- 
purities deliberately introduced. Fractions of 1 per 
cent, of some impurities would lower the starting poten- 
tial by 50 volts, and others raise it even more, and simi- 
larly affect the characteristic curves. The minute 
traces of the impurities did not matter when the 
commercial glow lamp was used as a lamp, but they 
made it of very little value for research or gas dis- 
charges. 

Mr. A. G. Tarrant, referring to Paper 4, said that in 
certain cases the authors used a series resistance with- 
out a condenser, or vice versa, and it could be shown 
that in such circumstances the current must be un- 
stable. 
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where E is the charging voltage, vy, 
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ENGINEERING. 


“ ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 


illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in ttalics. 

C of Specifications may be obtained at the Patent Office, Sales 
an » Southa: “Tt Buildings, Chancery-lane, W.C., at 

of 1s. 

The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when eed "Se Cependet 

Any person may, at any time within two months from date of 
the advertisement of the of a Complete Specificat 


10n, 
give notice at the Patent O, 7) to the grant of a 
Patent on any of the grounds wok. py oy Acts. 
ELECTRICAL APPARATUS. 


Telford, Grier and Mackay, Limited, Glasgow, 
and W. Henderson, Glasgow. Wind-driven Electrical 
Generators. (3 Figs.) November 20, 1922.—The invention is 
for improvements in wind-driven electrical generators. Accord- 
ing to the invention, the apparatus comprises a tower, a 
swivelling head carrying the wind-sails and rudder, a vertical 
shaft geared to the sails-shaft by a single pair of bevel-wheels 
and an electric generator carried by a stationary part on 
the tower with its armature-shaft in the vertical position 
and in line with the vertical shaft to which it is directly coupled. 
The tower A carries near its upper end a platform B. On this 
platform is a dynamo C to be driven by the wind-sails D. The 
sails are carried by a swivelling head E. The dynamo C has its 
vertical shaft Cl directly coupled to the vertical driving shaft G 
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by a flexible coupling H. The shaft G extends up through a 
bearing G1, at the bottom of which is carried a hood J, which 
extends over the dynamo C, whereby the whole dynamo is 
protected against the weather. The swivelling head is socketed 
on to a non-rotatable tube L about which it can freely turn and 
rides on a ball-bearing K1. The shaft G extends up through the 
tube L and is carried at the top in a ball-bearing G2 supported 
by a bracket G3. This bracket is carried on the swivelling head 
E. The swivelling head also has at its top a ball-bearing K2 for 
the shaft G, and between the ball-bearings K2 and G2 is mounted 
a bevel pinion M. This bevel pinion engages'asingle bevel-wheel 
Ml, which is rigidly secured to the hub D1 of the sails. The 
spindle D2 on which this hub is mounted, is secured fast in 
the swivelling head E.—({ Accepted January 23, 1924.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


209,286. SirK.I. Crossley, Openshaw, Manchester, and 
W. Le P. Webb, Openshaw, Manchester. Internal Com- 
bustion Engines. (3 Figs.) December 23, 1922.—The inven- 
tion relates to internal combustion engines working on the two- 
stroke cycle in which the air charge for scavenging the products 


Fig.1. Fig. 2. 
































of combustion out of the motor cylinder is supplied by a separate 
scavenge pump. The crankshaft a has a separate crank-pin ¢ 
from which the scavenge pump, consisting in part of cylinder d, 
is driven. Crankshaft bearings e and f are fitted at the sides of 
the motor crank g and the crank-pin ¢ is overhung outside the 





bearing ¢ on the scavenge pump end of the crank-shaft a. The 
scavenge pump crank and crank-pin are © separate from 
but bolted to, the end of the motor crankshaft a, Preferably, 
the srovenge pumpcrank is in the form of a disc h, which can be 
conveniently of eccentric or cam shape so as to:sérve for the 
operation of a pump # for fuel, lubricating oil or other purposes 
To facilitate the assembly of the crank-shaft and its bearings, the 
bearings e and f are placed upon the crank-shaft a at the opposite 
sides of the motor crank g, and the scavenge pump crank-dise h 
is secured upon the end of the crank-shaft before the parts are 
placed in position within the engine housing. The crank-shaft 
and its bearings are inserted axially into the crank-chamber j 
and the bearings bolted to the sides of the crank-chamber. It 
will be seen from Fig. 1 that the aperture in the crank-chamber 
for the bearing f is large enough to permit of the passage of the 
bearing e through it. (Accepted January 16, 1924.) 


209,442. QO. Margetson, London. Internal Combustion 
Engines. (2 Figs.) July 13, 1922.—The invention relates 
to the cylinder construction of internal-combustion engines, 
The invention consists broadly in casting the jacketted cylinder 
and its valve pockets in the usual manner and then shrouding 
the exposed cylinder wall in a casing of steel held in position 
by bolts and nuts. The cylinder shown comprises a cylinder 
barrel a having a water-jacket b, a cover c carrying the usnal 
inlet and exhaust valves, one of which is indicated at d, which 
valves are surrounded by water pockets e. The steel casings 
comprise a cover plate f which is bolted to the upper part of the 
cylinder barrel a by bolts g so as to serve as a Closure for the 
open ends of the water pockets e. The water jacket 6 is enclosed 
at its upper end by a wall h cast intregal with the cylinder barrel, 
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which wall is supported by a steel shrouding i. This shrouding 
i is provided at its upper end with an inturned flange 7 which 
rests upon a circumferential surface formed for its reception 
on the upper part of the cylinder barrel a. The lower end of 
this shrouding is provided with an outwardly-extending circum- 
ferential flange which is adapted to oppose a correspondingly 
shaped flange k formed on the adjacent upper part of a farther 
steel shrouding?. The shrouding / constitutes the outer wall of 
the major and lower portion of the water jacket 6 and its upper 
-end is extended as at m beyond the flange & the extension fitting 
within the lower end of the shrouding ¢, its top edge abutting 
against the bottom edge of the wall 4. The shroudings ¢ and 
Zl are held together by bolts (not shown) which engage the 
as flanges of such shroudings.—{ Accepted January 23 
1924. 

208,423. C. T. Barnes, Blackburn, Internal Combus- 
tion Engines (5 Figs.) January 31, 1923.—The invention 
relates to the valves of internal combustion engines. According 
to the invention, a metal disc d is provided which is bored te 
pass over the valve spindle &. On one side the disc is adapted 
to form an abutment for one end of the valve spring e, ,while 








on the other side it is formed with parallel flange-like projections 
f between which is mounted a pawl or pawls g adapted to engage 
‘a recess or groove formed in the valve spindle at or near the oute: 
end thereof. ‘The pawl or pawls g is or are arranged so as to 
engage normally and automatically the recess or groove in “ 
valve spindle while the pressure of the valve springs helps 0 
retain them in such position. (Accepted December 28, 1923. 





Tue Business Directory, 1924.—This directory tor 
the current year, the sixty-second edition, is now avail- 
able, published at the price of 30s. saat by J.8.C. Marre 
(executor M. Hughes), 52, Holborn-viaduct, 0:1... 3 

asures 1] in. by 9 in. and contains about 2,000 page 
giving the names and addresses of London and suburban 
business firms, companies, private engineers and other 
business men, with their telegraphic addresses and a 
phone numbers, etc,, arranged alphabetically ; a classilie 
section according to trades and specialities covers London. 
suburban and provincial firms, and in some instances & 
number of foreign houses. The directory contains a woes 
of England and Wales, showing the railways and indi- 





cating the principal trade centres and the coalfields. 








